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DISTANCES FROM SIDE STAKES FOR CROSs-SECTIONING 

Roadway of any Width. Side Slopes 11h to 1. 
In the figure below: opposite 7 under 'Cut or All' and under .3 

!lUll'( n .. t read 11.0, the dlslance out from the side stake a1 left. Also, 
SID[ nAIC! or,poslle 11 under 'Cui or All" and under .1 read 16.7, !he 

.(.'> '"' d slance out from the side stake a1 rlght. " "' ~( Lu~o~----- O•AOI! 
---c~iiTUi--!',~~ 

·= '.te, ·= ....... .... ~ 
SID[ STAkt ,.:r "' !lD'I STll<t -...,._ 

~ 

~If 
0 .1 .2 .3 .4 .5 .8 .7 .8 .9 15 

siC 
Distance out from Side or Shoulder Slake 0 

0 0.0 0.2 0.3 0.5 0.8 0.8 0.9 1.1 1.2 1.4 0 
1 1.5 1.7 1.8 2.0 2.1 2.3 2.4 2.8 2.7 2.9 1 
2 3.0 3.2 3.3 3.5 3.8 3.8 3.9 4.1 4.2 4.4 2 
3 4.5 4.7 4.8 5.0 5.1 5.3 5.4 5.8 5.7 5.9 3 
4 8.0 6.2 8.3 8.5 8.8 8.8 8.9 7.1 7.2 7.4 4 
5 7.5 7.7 7.8 8.0 8.1 8.3 8.4 8.8 8.7 8.9 5 
6 9.0 9.2 9.3 9.5 9.8 9.8 9.9 10.1 10.2 10.4 8 
7 10.5 10.7 10.8 11.0 11.1 11.3 11.4 11.8 11.7 11.9 7 
8 12.0 12.2 12.3 12.5 12.8 12.8 12.9 13.1 13.2 t3.4 8 
9 13.5 13.7 13.8 14.0 14.1 14.3 14.4 14.8 14.7 14.9 9 

10 15.0 15.2 15.3 15.5 15.8 15.8 15.9 18.1 18.2 18.4 10 
11 18.5 18.7 18.8 17.0 17.1 17.3 17.4 17.8 17.7 17.9 11 
12 18.0 18.2 18.3 18.5 18.8 18.8 18.9 19.1 19.2 19.4 12 
13 19.5 19.7 19.8 20.0 20.1 20.3 20.4 20.8 20.7 20.9 13 
14 21.0 21.2 21.3 21.5 21.8 21.8 21.9 22.1 22.2 22.4 14 
15 22.5 22.7 22.8 23.0 23.1 23.3 23.4 23.8 23.7 23.9 15 
18 24.0 24.2 24.3 24.5 24.8 24.8 24.9 25.1 25.2 25.4 18 
17 25.5 25.7 25.8 28.0 28.1 28.3 28.4 28.8 28.7 28.9 17 
18 27.0 27.2 27.3 27.5 27.8 27.8 27.9 28.1 28.2 28.4 18 
19 28.5 28.7 28.8 29.0 29.1 29.3 29.4 29.8 29.7 29.9 19 
20 30.0 30.2 30.3 30.5 30.8 30.8 30.9 31.1 31.2 31.4 20 
21 31.5 31.7 31.8 32.0 32.1 32.3 32.4 32.8 32.7 32.9 21 
22 33.0 33.2 33.3 33.5 33.8 33.8 33.9 34.1 34.2 34.4 22 
23 34.5 34.7 34.8 35.0 35.1 35.3 35.4 35.8 35.7 35.9 23 
24 38.0 38.2 38.3 38.5 38.8 38.8 38.9 37.1 37.2 37.4 24 
25 37.5 37.7 37.8 38.0 38.1 38.3 38.4 38.8 38.7 38.9 25 
28 39.0 39.2 39.3 39.5 39.8 39.8 39.9 40.1 40.2 40.4 28 
27 40.5 40.7 40.8 41.0 41.1 41.3 41.4 41.8 41.7 41.9 27 
28 42.0 42.2 42.3 42.5 42.8 42.8 42.9 43.1 43.2 43.4 28 
29 43.5 43.7 43.8 44.0 44.1 44.3 44.4 44.8 44.7 44.9 29 
30 45.0 45.2 45.3 45.5 45.8 45.8 45.9 48.1 48.2 48.4 30 
31 48.5 48.7 48.8 47.0 47.1 47.3 47.4 47.8 47.7 47.9 31 
32 48.0 48.2 48.3 48.5 48.8 48.8 48.9 49.1 49.2 49.4 32 
33 49.5 49.7 49.8 50.0 50.1 50.3 50.4 50.8 50.7 50.9 33 
34 51.0 51.2 51.3 51.5 51.8 51.8 51.9 52.1 52.2 52.4 34 
35 52.5 52.7 52.8 53.0 53.1 53.3 53.4 53.8 53.7 53.9 35 
38 54.0 54.2 54.3 54.5 54.8 54.8 54.9 55.1 55.2 55.4 38 
37 55.5 55.7 55.8 58.0 58.1 58.3 58.4 58.8 58.7 58.9 37 
38 57.0 57.2 57.3 57.5 57.8 57.8 57.9 58.1 58.2 58.4 38 
39 58.5 58.7 58.8 5!1.0 59.1 59.3 59.4 59.8 59.7 59.9 39 
40 80.0 80.2 80.3 80.5 80.8 80.8 80.9 81.1 81.2 81.4 40 

. ,·· 

• 

..iJlJihvn wad Pi:tdmohf 
f52011{. '1~~ 

The paper in this book Is 
made of 50% high grade rag stock with 
a WATER RESISTING surface sizing. 
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COASTAL PLAIN 

QUATERNARY 
SURFICIAL DEPOSITS. UNDIVIDED- Sand, clay, gravel, and peat depo

sited in marine. fluvial. eolian, and lacustrine environments. Quaternary 
deposits not shown at altitudes greater than approximately 25 feet 
above mean sea level (Suffolk Scarp, in part) · · 

TERTIARY 

PINEHURST FORMATION "'- Sand. medium- to coarse-grained, cross
bedding and rhythmic bands of clayey sand common. unconsolidated 

TERRACE DEPOSITS AND UPLAND SEDIMENT- Gravel, clayey sand, 
and sand, minor iron-oxide cemented sandstone . 

WACCAMAW FORMATION - Fossiliferous sand with silt and clay, 
bluish-gray to tan. loosely consolidated. Straddles Pleistocene
Pliocene boundary 

YORKTOWN FORMATIOt-J AND DUPLIN FORMATION. UNDIVIDED 
Yorktown Formation: Fossiliferous clay with varying amounts of fine

grained sand. bluish gray, shell material commonly concentrated in 
lenses: mainly in area north of Neuse River . • 

Duplin Formation: Shelly, medium- to coarse-grained sand, sandy marl, 
and limestone. bluish gray; mainly in area south of Neuse River 

BELGRADE FORMATION, UNDIVIDED 
Pollocksville Member: Oyster-shell mounds in tan to orange sand 

matrix. indurated locally 
Haywood Landing Member: Fossiliferous clayey sand. gray to brown. 

Members grade into each other laterally 

RIVER BEND FORMATION - Limestone. calcarenite overlain by and 
intercalated with indurated, sandy, molluscan-mold limestone 

CASTLE HAYNE FORMATION 

Spring Garden Member: Molluscan-mold limestone. indurated, very 
sandy. Grades downward into a calcareous sand and laterally into 
Comfort Member 

Tee Comfort Member and New Hanover Member. undivided 
Comfort Member: 8ryozoan-echmo1d skeletal limestone, locally 

dolomitized, solution cavities common 
New Hanover Member: Phosphate-pebble conglomerate, micritic. 

thin; restricted to basal part of Castle Hayne Formation m southeast
ern counties 

IN~rri~:;t~~ BEAUFORT FORMATION. UNDIVIDED 
Unnamed upper member: Sand and silty clay, glauconitic. fossiliferous. 

and locally calcareous 

*+ 

Jericho Run Member: Siliceous mudstone with sandstone lenses. thin 
bedded; basal phosphatic pebble conglomerate 

CRETACEOUS 

CAPE FEAR FORMATION- Sandstone and sandy mudstone. yellowish 
gray to bluish gray. mottled red to yellowish orange, indurated. graded 
and laterally continuous bedding. blocky clay, faint cross-bedding. feld
spar and mica common 
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NEW HANOVER COUNTY 

WATER-RESOURCES APPRAISAL 

New Hanover County is in the southeastern part of the North Carolina 
Coastal Plain. The topography is flat and low with many swampy areas. The 
western and northern parts of the county are drained by the Cape Fear River 
and its tributaries. This river also forms the western boundary of the 
county. The Cape Fear River and its major tributaries are estuarine and 
salty in the county. The eastern part of the county is drained by streams 
that flow to the Atlantic Ocean, which forms the eastern boundary of the 
county. The average discharge of streams in the county is 1.0 (Mgal/d)/mi2 . 
Minimum flow and 7-day, 2-year low flow data are not available for the 
county. However, streams with drainage areas up to 10 square miles have 
been observed to go dry. Four public water supplies in the county have 500 
or more customers: Wilmington, Carolina Beach, Wrightsville Beach, and 
Kings Grant. All of these supplies, except that of Wilmington, are from 
ground water. In addition, smaller public and individual water supplies 
and large industrial water supplies are obtained from ground water in the 
county. The county population in 1970 was 82,996. 

The county is underlain by sedimentary deposits that thicken in a 
southeasterly direction. The upper sandy aquifer averages only about 50 
feet in thickness. Except for a small area in northwest New Hanover County, 
the upper sandy aquifer is underlain by the limestone aq~ifer. Where present 
the limestone aquifer is about 50 feet thick in the northern part of the 
county and reaches a thickness of over 150 feet in the southern part of the 
county. Even where this highly-permeable aquifer is thin, well yields of a 
few hundred gallons per minute are obtainable. Where it is thickest, well 
yields of over 1,000 gal/min can be obtained. The limestone aquifer is 
underlain by the lower sandy aquifer. The lower sandy aquifer is about 
1,000 feet thick in the northwestern part of the county increasing to about 
1,300 feet in thickness in the southeast. However, the fresh-water part of 
the aquifer is relatively thin. The occurrence of salt water in New Hanover 
County is erratic, especially in the coastal areas and off-shore strands. 
The lower sandy aquifer might be able to produce a few hundred gallons per 
minute to wells at some places in these.areas, but lower yields would be 
more prudent in order to avoid salt-water encroachment. The same statement 

.·would apply to the limestone aquifer in. the coastal areas. There is an 
isolated occurrence of salt water in th~ extreme northwest corner of the 

_county where the depth to salt water can be less than 200 feet. In this 
. area, the lower sandy aquifer might yield only 100 gal/min of fresh water 

to wells. The maximum ground-water yield in the county is estimated at 
(Mgal/d)/mi2. The ground water is usually hard and may contain excessive 
or hydrogen sulfide.· 

c 
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GEOLOGY AND GROUND-WATER RESOURCES 
OF NEW HANOVER COUNTY, 

NORTH CAROLINA 

By 

George L. Boin 

Geologist, U. S. Geological Survey 

ABSTRACT 
This report describes the ground-water resources of New Hanover County 

in southeastern North Carolina. The county is a part of the Atlantic Coastal 
Plain Province and occupies a peninsula between the Atlantic Ocean and the 
Cape Fear and Northeast Cape Fear Rivers. New Hanover County is a relatively 
flat sandy plain, fe~ points in the county being more than 50 feet above sea 
level. The climate is humid; the average annual precipitation is about SO 
inches. 

Ground water occurs in a syste~ of slightly incll~ed formations under
lying the Coastal Plain. Although individual formations dip and thicken in 
various directions, they in aggregate, thicken in wedge-like fashion toward 
the coast, reaching a maximum thickness in New Hanover County of slightly 
more than 1,500 feet. Most of the formations are composed of unconsolidated 
sands and clays containing a few beds of li:liestone and calc.areous sandstone. 
A veneer of sand and sandy clay of probable Pleistocene age tends to conceal 
the untlerlying sequence of rock materials of Tertiary and Cretaceous age. 

The volume of water stored in the Coastal Plain formations in New Hanover 
County is large; however, water in all but the shallow formations is too salty 
for most uses. 

Three major aquifers, or water-bearing beds, furnish water to wells, at 
least two of them being available for use in most parts of the county. They 
include a sandstone bed in the Peedee Formation of Late Cretaceous age, the 
Castle Hayne Limestone of Eocene age, and the shallow surface sands. 

- 1 -
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GEOLOGY AND GROUND-WATER OF NEW HANOVER COUNTY 

The sandstone aquifer in the Peedee Formation averages about 35 feet in 
thickness, slopir:g from sea level in the northwestern part of the county to 
about 19U teet below sea level at Wrightsville Beach. Where data are avail
able, the aquifer is known to contain fresh water and is separated from under
lying beds containing salty water by 100 to 150 feet of relatively impermeable 
clay. Except along the Cape Fear River and the Atlantic coast, ground water 
in the Peedee sandstone is under sufficient pressure to rise above sea level, 
and it rises to more than 30 feet above sea level in the center of the county. 
Some wells tapping this aquifer yield more than 400 gallons per minute, and 
the specific capacity in part of the county is more than 30 gallons per minute 
per foot of drawdown. 

The Castle HaynP Limestone is irregular in thickness and areal distri
bution, being thicker and more extensive under the northeastern and southern 
parts of the county. It lies within about 30 feet of the land surface except 
along the coastal margin where it is somewhat deeper. The Castle Hayne has 
easy access for replenishment, and much water enters the limestone in the 
center of the county. Some wells 'tapping this aquifer yield more than 400 
gallons per minute, and the specific capacity ranges from 3 to 80 gallons 
per minute per foot of drawdown. 

Sand, clay, and marl of Pleistocene and Miocene age cover the land sur
face in all of the county. The sands comprise the uppermost aquifer in the 
county--that is, the water-table aquifer, except in a few places where the 
Castle Hayne Limestone and Peedee Formation are near the land surface. The 
water table commonly lies within 10 feet of the land surface and is easily 
reached by the common type of drive-point well. 

Water of acceptable chemical quality for most purposes is available 
throughout the county, but a wide range in quality.of water within the aqui
fers is common. Water in the Peedee sandstone is ~ard in most places, and 
the" iron content exceeds 1 milligram per liter iri.,the central and north
central parts. "water in the Castle Hayne Limestone is a calcium bicarbonate 
type ranging from moderately hard to very hard. The iron content ranges from 
0.01 to more than 12 milligrams per liter. Water in the surficial sands is 
soft but almost everywhere is corrosive. 

The current withdrawal of ground water is only a small part of the avail
able ~upply, but the availability of water varies considerably from one part 
of the county to another. The aquifers are susceptible to salt-water en
croachment because of aquifers containing salty water underlying the Peedee 
sandstone aquifer and because of the bordering Atlantic Ocean and brackish 
Cape Fear River. The pre6ent position of the interface between salty ~nd 
fresh water in the ground" is maintained by the v~lume and hydrostatic head 
of the fresh water. Thus, a substantial reduction in rainfall or changes in 
ground-water conditions created by man's activities, such as withdrawal of 
water through pumping, swamp drainage, or dredging which reduces the fresh
water hydrostatic head, ~y cause a corresponding encroachment of salt water. 
Salt-water encroachment may be controlled at least partially by well-field 
design and management. Proper practices include pumping more wells at lower 
rates and the use of multiple well points and infiltration galleries in 
shallow aquifers. 

- 2 -
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INTRODUCTION 

This report describes the ground-water resources of New Hanover County. 
The purpose of this study was to determine the thickness, lithology, and areal 
extent of the water-bearing formations (aquifers), the source of replinish
ment or recharge to the aquifers, ::1·~ direction of water movement within the 
aquifers, and the quantity and c~~mical quality of the ground water. 

Fieldwork, done for this report during the period from January 1963 to 
.Tune 1966, included the following: 

1. Fifty auger holes were drilled to determine the lithology, 
thickness, age, and areal extent of the geologic formations. 
Where feasible, the auger holes were cased to permit water 
sampling, gamma-ray logging, observation of water-level 
fluctuations, and pumping tests. 

2. Twp deep test holes were drille~ to determine the depth to 
the deeper lying Black Creek Formation, the chemical quality 
of water in the dee~er aquifers, and the position of the 
fresh water-salt water ~nterfa~e. 

3. Data on 412 wells includin~ drillers' records, well cuttings, 
and water samples were collected from well drillers and 
owners, as well as from published sources. 

4. G~a-ray well logs were made in cased auger holes, deep 
test holes, and some existing wells. Electric logs of the 
deep test holes also were made. , · 

;' 

5. Water-level data were collected .at 5 wells 'equipped with 
continuous recorders. at 20 wells which were measured 
monthly, and at more than 100 wells which were measured 
semiannually. 

6. More than 250 water samples were collected and analyzed 
to determine the quality of the ground water. 

7. Thirty-seven pumping tests were made, and data from a few 
drillers pumping tests were collected to determine hy
draulic characteristics of the aquifers • 

. 
8. The base-flow discharge of four small streams was measured 

to evaluate ground-water discharge. 

9. A network of more than 150 altitude co~trol points (accurate 
to ± 5 feet), nec~ssary for geologic c.nd !lyd::ologic contro,l, 
was established by barometric le".:·linb. 

- 3 -
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GEOLOGY AND GROUND-~ATER OF NEW HANOVER COUNTY 

PREVIOUS INVESTIGATIONS 
No previous detailed geologic or ground-water investigations have been 

made in New Hanover County. David G. Thompson, U. S. Geological Survey, made 
a preliminary study of the ground-water resources of Wilmington (1941). A 
drought during the fall of 1940 had so reduced the fresh-water flow in the 
Cape Fear River that salt water contaminated the public water supply through 
the Toomers Creek intake. Thompson recommended that the surficial sand de
posits of several areas on the outskirts of Wilmington be used as sources of 
emergency public supplies while the water intake was being extended to Lock 1 
on the Cape Fear River. The sand hills area along r. S. 421 northwest of 
~ilmington was among those areas recommended. 

The formations penetrated and the chloride concentrations of several 
wells in New Hanover County and vicinity were described by Clark and others 
(1912). Data collected by Thompson in 1941, M. J. Mundorff between 1941 and 
1948, and H. E. LeGrand between 1952 and 1958 were combined in a reconnais
sance report entitled, "Geology and Ground-Water Resources of Wilmington-New 
Bern Area, North Carolina" (LeGrand, 1960). LeGrand briefly describes the 
physiography and geology of the county, points out the potential of the 
Castle Hayne Limestone as an aquifer, and gives additional hydrologi'c data 
on the sand hills area northwest of Wilmington. 
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Bill Dobo, Robert Meadows, Maurice Johnson, and H. H. Harward for furnishing 
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in cooperation with the New Hanover Board of County Commissioners and the 
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Carolina Department of Water Resources). The investigation was conducted 
under the general supervision of 0. Milton Hackett, Chief, Ground Water 
Branch, U. S. Geological Survey. Immediate supervision was by P. M. Brown 
and G. G. Wyrick, former District Geologists, Raleigh, North Carolina. 
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GEOGRAPHY 

LOCATION, AREA, AND POPULATION 

New Hanover County is in the southeastern part of the Coastal Plain of 
North Carolina and occupies a peninsula between the Atlantic Ocean and the 
Northeast Cape Fear and Cape Fear Rivers. Figure 1 shows the location of 
the county. 

The county has an area of 194 square miles. The Bureau of the Census 
reported the population in 1960 to be 71,742--about 370 people per square 
mile. Wilmington, the county seat, had a population of 44,013. Smaller 
to~~s in the county are Carolina Beach, Castle Hayne, Kure Beach, and 
Wrightsville Beach. Forests and farmland comprise 58 and 14 perc~nt of the 
total land area, respectively. Sixty-nine percent of the residences are 
classed as urban. 

N 

! 

Figure !.--Index map of North Carolina showing the location 
of New Hanover County. 

CLIMATE 

New Hanover County .has a mild, h~id climate. The U. S. Weather Bureau 
statistics for the Wilmington station show an average annual temperature of 
63.8°F and an average annual precipitation of Sl.29 inches for the 30-year 
period 1931-60. The average monthly variations in temperature and precip
itation at this station are shown in figure 2. It may be observed that pre
cipitation during July, August, and September tends to be considerably higher 
than in the other months. At Southport, near the southern tip of the county, 
the average annual temperature and precipitation for the same period of re
cord are 64.3°F and 49.49 inches, respectively. 

- 5 -
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GEOLOGY AND GROUND-WATER OF NEW HANOVER COUNTY 
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at Wilmington, North Carolina. 
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GEOGRAPHY 

PHYSICAL FEATURES 

The land surface of New Hanover County is a plain with a slight overall 
slope toward the Atlantic coast and the Cape Fear River. This plain is rela
tively flat in the broad interstream areas but is broken by low escarpments 
along the Northeast Cape Fear and Cape Fear Rivers and breached by short 
tributary creeks. The plain represents the part of a Pleistocene sea floor 
that has been exposed by withdrawal of the sea in the relatively recent geo
logic past. Parts of the land surface are covered with rolling sand hills. 
These sand hills constitute accumulations of beach sand which were shifted 
by the wind to form dunes. Salt marshes, tidal flats, and shallow sounds 
between the present-day barrier beaches and the mainland are connected to 
the ocean by narrow inlets. 

Several topographic features are important to the ground-water hydrology 
in the county. The fossil dunes or sand hills extend northeastward from Fort 
Fisher along U. S. Highway 421 through Wilmington to and beyond the Pender
New Hanover County line. They are best developed in an area between the Cape 
Fear River and the Northeast Cape Fear River, northwest of Wilmington, south
east of Greenfield Lake, and south of Barnard Creek. The highest altitude in 
the county of 80 feet above sea level occurs on one such fossil dune system 
east-southeast of Gr~enfield Lake. Most of these thick sand deposits have no 
surficial drainage. Another sandy area extends northeast along U. S. Highway 
17 parallel to the coast in the northeastern part of the county. This sandy 
area was a long bar at 'a time when the sea stood some 35 or 40 feet higher 
than it does today. To the west of this bar was a broad shallow lagoon, which 
is now drained by the northeast Cape Fear River. Today the area is flat and 
marshy. Small shallow sinks are common in the vicinity of the town of Castle 
Hayne and from Wilmington southward. The sinks, usua+~Y filled with water, 
result from the solution of near-surface limestone ari6 coquina beds. 

The altitude of much of the county is from 30 to 40 feet above mean sea 
level. The lalbot Terrace described by Cooke (1931) occurs at this level. 
Cooke also described a terrace at 25 feet above mean sea level which may be 
distinctive from the village of Porters Neck southward and slightly west of 
the sounds. 

• 
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GEOLOGY 

OUTLINE OF GEOLOGY 

The present-day quality, occurrence, and availability of ground water in 
New Hanover County depend upon the physical and chemical character of the 
sediments beneath the county. Such characteristics as: kind of sediment, 
lithology, thickness, and attitude have been predetermined by the county's 
geologic history. ~~en any area is inundated through a general rise in sea 
level or localized subsidence of the earth's crust, accumulation of marine 
sediment begins and erosion ceases. The kind and character of the sediment 
being deposited at any one place, whether linestone. sandstone, clay, shale, 
or sand, ~hether coarse or fine, or whether ce~ented or unconsolidated depends 
on many complex variables. Some variables include the kind of source material 
and degree of weathering, distance of sediment transport, and rate of accu
mulation of the shells of marine organisms. 

Crustal movements along the axis of the geologic structure known as the 
Cape Fear Arch had a profound effect upon the type, thickness, and inclination 
(dip) of the sedimentary formations beneath New Hanover County and thus, ulti
mately have influenced the ground water. The Cape Fear Arch is now a broad 
gentle uplift roughly paralleling the Cape Fear River and trending southeast
ward through New Hanover County. Crustal movements along this axis are re
sponsible for the lack of deposition of Lower Cretaceous sediments in part of 
the county, the deposition of a thick sequence of Upper Cretaceous sediments, 
and thin to nondeposition of the more recent Tertiary formations. 

Sediment accumulation on the crystalline basement floor ranges in thick
ness from about 1,100 feet at Wilmington to 1,500 feet at Fort Fisher. Nearly 
90 percent of the sediments accumulated during Cr~taceous time when the county 
was on the flank of a depositional basin. These aeposits, ranging in age from 
Cretaceous through Tertiary, are divided from oldest to youngest into the Black 
Creek, Peedee, Castle Hayne, and undifferentiated deposits of Oligocene(?) and 
Miocene age. They are overlain at the surface by sands, clays, and marls de
posited during the comparatively recent geologic past. 

BASEMENT ROCK 

The submerged erosional surface upon which the Upper Cretaceous sediments 
were deposited consists of schist, gneiss, granite, and metamorphosed volcanic 
rocks typical of rocks which are exposed in the Piedmont Province of North Car
olina. Granite occurs at a depth of 1,109 feet in well 202, which was drilled 
as a municipal water well for Wilmington in 1899. A well drilled during 1905-
07 at Fort Caswell, across the Cape Fear River from the southern tip of the 
county, penetrated basement rock at 1,540 feet (Clark and others, 1912, p. 194-
196). The ages of the basement rocks are unknown but may range from Precam
brian(?) to Mississippian(?). , 
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GEOLOGY 

CRETACEOUS SYSTEM 

BLACK CREEK FORMATION 

The Black Creek Formation of Late Cretaceous age rests unconformably 
upon the basement rocks at Wilmington. Lower Cretaceous sediments and the 
Tuscaloosa Formation, prominent in other parts of the Coastal Plain, are not 
known to be present beneath New Hanover County (Bro~~, 1959a). 

The Black Creek Foroation is approximately 380 feet thick in ~ew Hanover 
County. The upper and lower contacts were placed at 711 and 1,100 feet below 
sea level, respectively, in the Hilton Park well (well 202, see fig. 3), by 
r. W. Stanton (Clark and others, 1912). The top of the Black Creek was pene
trated at 673 feet below mean sea level in the Murraysville test well (well 
87) b~t was not reached in the Edwards test hole (well 347), which ~3s drilled 
to a depth of 610 feet below sea level. 

The Black Creek Formation is assumed to contain saline water everywhere 
beneath New Hanover County. Highly saline water was found in the Hilton Park 
well in all zones below 370 feet and in a well at Fort Caswell, Brunswick 
County, below 354 feet (Clark and others, 1912). 

PEEDEE FORMATION 

The Peedee Formation conformably overlies the Black Creek Formation in 
New Hanover County. It typically consists of unconsolidated greenish-gray to 
dark-gray silt, olive-green to gray sand, and massive'black clay interbedded 
with consolidated calcareous sandstone and impure li~stone. Glauconite gives 
the Peedee Formation its characteristic salt and pepp~r appearance. There 
appears to be an increase in sand and lime and a decrease in clay toward the 
top of the formation in New Hanover County. 

The Peedee Formation in New Hanover County is 710 feet thick at well 202 
and 645 feet thick at well 87, and contains four water-bearing beds of sand. 
The uppermost sand contains fresh water and the lower three contain brackish 
to saiine water throughout the county. The general relationship of the Peedee 
Formation to the other formations in the county is illustrated in figures 4, 5, 
and 6. Figure 6 is a structure contour map of the top of the uppermost salt
water bearing sand. The top of the sand strikes N. 25° E. and dips toward the 
southeast at the rate of 10 feet per mile. 

Figure 7 is a structure contour map of the top of a calcareous sandstone, 
the topmost sandstone in the Peedee Formation and the principal fresh-water 
aquifer in New Hanover County. It is discussed in a later section as the 
sandstone aquifer. · 
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II _Figure 6.--~ap showing the altitude of the top of the uppermost saline aquifer. 
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Figure 7.--Map showing the altitude of the top of the sandstone aquifer in 
the Peedee Formation. 
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GEOLOGY 

All water below the altitudes shown on figure 6 is saline. All water 
in and above the sandstone shown in figure 7 is known to be fresh except that 
south of Hyrtle Grove, where there are no data. Fresh water of unknown but 
probably limited extent and quantity was detected in well 87 in fine uncon
solidated sand below the sandstone aquifer. 

Figure 8 is an isopach map sho~ing the distribution and thickness of the 
massive clay aquiclude lying_ between the calcareous sandstone and the top of 
the Peedee Formation. In effect, this figure sho~s the thickness of the im
permeable beds lying between the sandstone aquifer and the Castle Hayne Lime
stone, the next higher aquifer. 

TERTIARY SYSTEM 

CASTLE HAY~E LD1ESTO~E 

The Castle Hayne Limestone of middle and late Eocene age (LeGrand and 
Brown, 1955) was first described by Miller (Clark and others, 1912) at a quarry 
near the intersection of Prince George Creek and U. S. Highway 421 at the 
town of Castle Hayne. Rocks of Paleocene age were not deposited in th~ county 
because of erosion or nondeposition upon the elevated Cape Fear Arch: Thus, 
the Castle Hayne Limestone unconformably overlies the channeled and eroded 
upper surface of the Peedee Formation. 

The Castle Hayne Limestone is quite variable lithologically, consisting 
of shell, marl, sand, and limestone. A complete geologic section in New 
Hanover County includes: 

A. A basal sandy shell conglomerat~ containinj; much reworked 
material from the Peedee Format1on. It is.discontinuous 
in occurrence because it was deposited in channels on the 
top of the Peedee Formation~ It is approximately 30 feet 
thick in the Superior Stone quarry near the town of Castle 
Hayne. 

B. Above the basal shell-conglomerate is a glauconitic shell 
limestone. It is light-gray toward the top and yellow and 
dolomitic toward the bottom. In places it contains inter
bedded sand. Where the lower unit is missing the shell 
limestone facies rests unconformably upon the Peedee For
mation. The glauconitic shell limestone thickens from a 
featheredge along its up-dip extremities to about 40 feet 
at the town of Wrightsville Beach and to more than 80 feet 
at the town of Carolina Beach. 

C. The shell facies is overlain by a dense, chalk-white siliceous 
limestone that contains phosphate at its base. This lime~ 
stone, called "cap rock," by local well drillers averages 
about 3 feet in thickness throughout the county. 

- 13-
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D. Overlying the "cap rock" is a cream to light-green, 
glauconitic, bryozoan-bearing "shell hash" (a coarse, 
braided mixture of shell fragments). This unit is 
generally confined to the northeastern section of 
the county north of a line connecting the city of 
Wilmington and Wrightsville Beach. South of this 
line the unit, if deposited, has apparently been 
removed by erosiop. At the Ideal Cement Company 
quarry in the northern part of the county, where 
this unit is approximately 10 feet thick, it is 
mined for the manufacturing of cement. At Porters 
Neck crossroad it ranges from 55 to 80 feet thick. 

GEOLOGY 

The irregular distribution and thickness of the Castle Hayne Li~estone 
(figs. 9 and 10) results fro~ its deposition on an eroded surface of the Pee
dee Formation and fro~ subsequent erosion and solution of the upper surface of 
the Castle Hayne. Areas in ~hich the Castle Hayne Li~estone is missing or 
spotty are also shown in figure 9. 

The sandy, shell part of the Castle Hayne Limestone is generally a pro
ductive aquifer. Yields of individual wells in the county depend largely upon 
the degree to which the porosity and permeability have been increased by 
solution. 

UNDIFFERENTIATED DEPOSITS OF LATE TERTIARY AGE 

Overlying the Castle Hayne Limestone in the southern part of the county 
are sediments that probably range in age from late Oligocene through late 
Miocene. Most of the sediments in this late Tertiary sequence are phos
phatic sands, silts and clays, and phosphatic limestones similar to materials 
in the Pungo River Formation described by Kimrey (1964) in Beaufort County, 
North Carolina. The upper part of the Pungo River Fofmation is equivalent in 
age to the Calvert-Formation of Maryland (Brown, 195Bb, p. 89) (Gibson, 1967, 
p. 636), which the u. S. Geological Survey currently recognizes as ~ddle 
Miocene. The possibility that the lower part of the Pungo River is of early 
Miocene or late Oligocene has not been discounted (Brown, 1958b, p. 90) 
(Gibson, 1967, p. 637). According to Gibson (written communication, 
July 1, 1968), the sediments in southern New Hanover County "are in part 
facie~ equivalents of the phosphatic sands, limes, and diatomites of the 
Pungo River, but whether they belong lithologically and genetically is another 
question. 11 Thus, the name Pungo River· should not be applied to the deposits 
iu New Hanover County although they are probably facies equivalents. 

In the Carolina Beach area the above deposits consist chiefly of marl 
interbedded with light-green to dark-gray silty clay containing thin shell 
beds. The silty phase is replaced to the northwest by light-gray sand and 
sandy coquina overlain by olive-green sand. The sandy coquina, present in 
wells 368 and 381, is possibly of late Miocene age. Phosphate is present 
but is not known to be in sufficient quantities.to warrant economic 
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Figure 9.--Map showing thickness of the Castle Hayne Limestone. 
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Figure 10.-~ap showing altitude of the top of the Castle Hayne Limestone. 
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development. The lower silty part of the unit thickens southward from about 
10 feet at Wrightsville Beach to 75 feet at well 394 at Carolina Beach and 
dips to the south-southeast and southeast at 10 to 25 feet per mile. It is 
overlain in the southeastern part of the county by 20 to 30 feet of fine- to 
medium-grained sand containing dark-gray to chocolate-brown clay beds that 
change southward to light-gray to olive-green clay and shell beds. This late 
~1iocene unit is as much as 10 feet above sea level. In the north-central and 
northeastern sections of the county--10 to 20 feet of fine- to medium-grained 
sand containing a dark-gray to blue-gray clay is overlain by 5 to 20 feet of 
blue or gray dense clay of late Hiocene age. The late Miocene clay occurs in 
a zone as much as 25 feet above sea level. 

The silty part of the unit functions as a hydraulic barrier (aquiclude) 
between the overlying water-table aquifer and the underlying Castle Hayne 
aquifer near the seacoast. 

Small to moderate water supplies are available from the sandy coquina, 
but only small supplies are available from the shallow sands and from the 
thin shell beds of this formation. 

QUATERNARY SYSTEM 

UNDIFFERENTIATED SURFACE DEPOSITS 

Overlying the channeled surfaces of the formations previously described 
are deposits of clay, sand, and marl. Their age, thickness, and origin vary 
from one place to another. As used in this report the deposits include all 
of the sediments between land surface and the undifferentiated deposits of 
late Tertiary age. Thus, they include terraced and barrier-beach deposits, 
sandy coquinas (DuBar and Johnson, 1964), fossil sand dunes, stream channel 
deposits, and possibly thin and scattered remn.hts of the underlying forma
tion. These sediments are absent in the towns,'of Castle Hayne and Wilmington, 
where the underlying limestone is exposed, but are as much as 70 feet deep 
near the Cape Fear River west of Myrtle Grove. 

Eastward from a line connecting Fort Fisher, Myrtle Grove, and Wrightsville 
Beach, the base of these surficial sediments rests upon silt, clay, and shell 
beds of the underlying deposits of late Tertiary age. In the northwest one
third of the county they rest upon the Peedee Formation where the Castle Hayne 
Limestone is missing as shown in figure 10. Between the above areas they rest 
upon the Castle Hayne Limestone. 

The surficial sediments may be divided into the following oversimplified 
or generalized categories: 

1. In the central and western parts of the county, 0 to 35 
feet of coarse, clean, nonfossiliferous quartz sand gen
erally from 0 to 30 feet below sea level. Reference to 
figures 10 and 11 shows that the coarse sand occurs'where 
the Castle Hayne is missing, or more specifically, in 
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Figure 11.--Map showing the geographic distribution of Miocene clay and 
sand and Pleistocene(?) coarse sand. 
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~EuLOGY AND GROUND-WATER OF NEW HANOVER COUNTY 

channels cut into the surfaces of the Peedee and Castle 
Hayne Formations. Although there is no direct evidence, 
the sand is probably of Pleistocene age. 

2. Throughout the county 0 to 60 feet of fine- to medium
grained Pleistocene sand tend to cover underlying clays 
and sands. The sandy veneer includes the commonplace 
surface sand and the fossil dunes and beach bars. Where 
sYampy the sand is dark broYn or black Yith humic material, 
and Yhere well drained it is tan to gray white. Sandy 
coquina and marl beds occur at shallow depths in the sand 
along the present-day coast and mark the sites of Pleis
tocene beaches and inlets. As much as 20 feet of red clay 
and sandy clay overlie the Castle Hayne.Li~estone along 
Middle and Topsail Sounds. At a few isolated spots the 
surface material is a weathered product of the Castle Hayne 
Limestone or Peedee For~ation. 

The occurrence and distribution of the above sands and clays affect the 
water yield potential of various parts of the county. Moderate to large yields 
are available from these deposits northwest of Wilmington and south and south
east of Greenfield Lake where coarse sand is overlain by thick and extensive 
fossil dune deposits. Although the water in such deposits is acidic, iron 
and hydrogen sulfide are negligible. Small yields are available for domestic 
and small irrigation supplies from the finer grained and shalloYer surface 
sands throughout the county. 

., 
-~ 
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HYDROLOGY 

GENERAL STATEMENT 

The earth's vast but fixed supply of water is kept in endless circulation 
by energy supplied from the sun. Water evaporates from the oceans, lakes, 
streams, and land surfaces and is carried in the atmosphere as water vapor 
until it condenses and falls as precipitation. Part of the precipitation · 
flows overland as surface runoff, a part is returned directly to the atmo
sphere by evaporation, a part is transpired by plants, and the remaining 
part enters the ground from which it eventually discharges to streams or to 
the coast. 

Ground water occurs in the spaces between the rock particles in the zone 
o£ saturation. ~bere the spaces are interconnected and large enough to permit 
flew through them the rocks will yield water to wells. Rock units that yield 
wa:er tc wells are called aquifers. In New Hanover County two types of spaces 
th·: transmit and store water are: (1) the openings between the sand grains; 
ar. (2) the larger interconnected openings, created by solution of some of the 
ca careous cement and shell material from the limestone and shell beds. In
te:bedded clay sediments contain numerous pore spaces, but the pores are ex
:r~~ely small and the yield to wells is so small that they are not considered 
~c- be aquifers. 

Ground water not evaporated to the atmosphere or transpired by vegetation 
~ ~ventually discharged to the streams or to the ocean. The discharge of 
~· ~nd water is facilitated where streams have incised their channels into, 

~-elow, the water table. The discharge of water as springs or seeps in such 
.Jgraphically low places creates a significant difference in hydrostatic 
~ between the water level in the interstream and s~eam areas. New Hanover 
~ty is essentially a peninsula; thus the Northeast;Cape Fear and the Cape 
.r Rivers serve as diffuse discharge lines along the west boundary and the 
.;st. serves the same purpose along the east boundary. The upward movement 
: Ol.gh the confining beds occurs over large areas, and through the geologic 

.es it has been sufficient to cause partial flushing of the original connate 
a \o~ater from the aquifers. 

The uppermost water-bearing unit includes the surface 
• ~t of the county to depths of 50 feet or more in places. 
r ~ surface material is saturated with water; in the upper 
~:·ving downward in response to gravity. The upper surface 
%.~e is called the water table. 

sand that covers 
The lower part of 

part the water is 
of the saturated 

All of the sediments below the water table are saturated, not only in the 
surface sand, but also in the underlying limestone, clay, and sand. Where 
beds of clay and silt (aquicludes) are impermeable enough to retard the move
ment of water, the water in the underlying beds of limestone and sand is con
fined under hydraulic pressure and is called artesian water. The he!ght to 
which artesian water will rise in wells forms an imaginary surface called the 
piezometric surface. 
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GEOLOGY AND GROUND-WATER OF NEW HANOVER COUNTY 

Artesian water moves to discharge areas in many places along the major 
streams and the coast. -The rate of water movement from areas of recharge to 
areas of discharge ranges from a few feet to as much as a few hundred feet 
per year. 

The aquifers in New Hanover County ar.e recharged by local rainfall. 
Areas of significant recharge are identified on the maps showing the piezo
metric surfaces as the areas having higher water levels, and on the water 
quality maps as the areas of lower chloride and of higher iron and hardness 
values. These are in the interstream areas where the topography is rela
tively high. Conditions for recharge are excellent in New Hanover County 
because most of the areas are underlain by sand. 

AQUIFER CHARACTERISTICS 

The quantity of water that an aquifer can hold in storage is governed by 
its pvrosity. Porosity is the ratio of volume of pore space or interstices 
to the total volume of the rock matc=ial and is usually expressed as a per
centage, Clean, well-sorted sand may have an initial porosity as high as 40 
percent, but during its transformation into a sandstone the porosity may be 
reduced by compaction and cementation to less than 10 percent. Clay may have 
a porosity of 50 percent, but because of the minute size of its pores, a large 
percentage of the water stored in clay is retained by molecular attraction. 
Consequently, clays and clayey sediments act as aquicludes and tend to retard 
water movement. 

The permeability of an aquifer is a measure of its ability to transmit 
water in response to gravity or to differences in hydrostatic pressure. It 
is governed by the size and shape of pore spaces and the degree to which these 
spaces are interconnected. A rock unit that is nonporous is also impermeable. 
However, water may be yielded freely from rocks of low porosity if the pores 
are interconnected and are large enough to f;eely transmit water. In New 
Hanover County, the removal of cementing material from the calcareous sand
stones and limestones by solution has increased the effective porosity and 
permeability of these rocks, thus increasing their water-bearing potential.· 

The water level in an unpumped well is referred to as the "static" water 
level. Withdrawal of water from a well creates a difference.in head between 
the water in the well and that in the surrounding aquifer with the result that 
water flows toward the well. The surface of the water around the well assumes 
the shape of an inverted cone (cone of depression) whose apex is at the well. 
(See fig. 12.) The vertical distance between the static water level and the 
pumping level is called the drawdown. The area in which water levels are 
lowered by the pumping of a well is termed the area of influence. 

The coefficient of transmissibility is the quantity of water, in gallons 
per day, that will move through a vertical section of an aquifer 1-foot wide 
and extending to its full saturated thickness under a hydraulic gradient of 
1 foot per foot at the prevailing water temperature. The coefficient of stor
age is a measure of the volume of water that· .an aquifer releases from or takes 
into storage.under a unit surface area by a unit change in head. 
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Figure 12.--Diagramrnatic sections shoYing the effect of pumping on 
the Yater table and the piezometric surface. 
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The shape, size, and rate of growth of the cone of depression (and thus 
the yield of the well) are controlled by the transmissibility and storage 
coefficients of the aquifer and the rate and duration of pumping. 

The specific capacity of a well is the quantity of water in gallons per 
minute (gpm) that a well yields for each foot of drawdown in water level after 
a given period of continuous pumping. The theoretical specific capacity can 
be calculated from the transmissibility and storage coefficients of the aqui
fer. The actual specific capacity is found by dividing the yield in gallons 
per minute by the number of feet of drawdo~~. Comparison of the theoretical 
and actual specific capacities is useful in determining the efficiency of a 
well. 

AQUIFERS CO~TAI~I~G FRESH l,"ATER 

The deposits underlying Xew 
their ability to transmit water. 
and the relatively nonproductive 
of the study was to identify and 

Hanover County ~ay be grouped according to 
The productive zones are termed aquifers, 

zones are termed aquicludes. One objective 
map the productive zones. 

The chief fresh-water-bearing zones or aquifers in New Hanover County 
are: an indurated calcareous sand in the upper part of the Peedee Formation, 
a sandy limestone in the Castle Hayne Limestone, and beds of sand and some 
coquina in deposits younger than the Castle Hayne at the land surface. 

Peedee Formation 

The lowermost productive zone is a bed of sand in the upper part of the 
Peedee Formation (see fig. 7). This zone is about 35 feet thick in most of 
the county except where it has been partly or entirely removed by erosion; 
it dips to the southeast at about 14 feet per mile. It consists of quartz 
sand which is usually indurated with calcareous cement and is underlain by 
an aquiclude about 150 feet thick consisting ~f very fine sand and clay. 
Water in this zone is under artesian pressure'throughout most of the county. 
The permeability of this sand has been increased by solution of its calcar
eous cement in an area that lies generally northwest of U. S. Route 17. The· 
specific capacities of wells in this area range from 20 to 75 gpm per foot 
of drawdown, whereas they range from 1 to 7 gpm per ·foot. in the eastern part 
of the county. 

Many of the wells that tap this productive zone in the Peedee Formation 
are of the open-hole type, the casing being set in sandstone or on the over
lying limestone. These wells are developed by using compressed air to remove 
loose sand, silt, and clay. 

The zone is generally 10 to 25 feet below land surface in the north
western part of the county but is more than 150 feet below land surface along 
the Atlantic coast. It is overlain by a clay bed that ranges in thickness 
from only a few feet to more than 50 feet in places. The clay_bed retards 
the movement of water both into and out of the sand. The piezometric surface 
(fig. 13) is highest in the interstream areas in the central 'part of the 
county. These are the areas in which the sandstone aquifer is recharged. 
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Figure 13.--Map showing the piezometric surface of the sandstone aquifer in 
the Peedee Formation. 
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This recharge occurs as water moves downward from the overlying beds. The 
natural discharge from the sandstone aquifer is in the major stream valleys 
and upward through the overlying beds along the coast. 

The quality of the water from the sand in the Peedee Formation is accept
able for most uses. The hardness ranges from less than 60 mg/1 (milligrams 
per liter) to more than 200 mg/1 (fig. 14), the higher values being in the 
northern half of the county where the sandstone aquifer shows the greatest 
cegree of calcium carbonate concentration. Figure 15 shows that the chloride 
content generally ranges from 5 to about 200 mg/1. Note that the chloride map 
roughly outlines the areas of recharge and discharge. The area surrounded by 
the 20 mg/1 chloride contour approximates the area in which the Peedee sand
stone aquifer is receiving recharge, and the area outside of this contour is 
approximately the area of discharge. The iron content in samples analyzed 
ranges fro~ 0.01 ~g/1 to 3.0 ng/1 in areas of effective recharge (fig. 16). 

Castle Havnc Li~estone 

The Castle Hayne Limestone overlies the Peedee Formation and is a pro
ductive aquifer in much of the county. The limestone is absent in an area 
west and northwest of Wilmington but in other parts of the county it thickens 
toward the southeast. It is predominantly a sandy shell limestone, but in 
some places it is a hard limestone. The Castle Hayne is readily identified 
from well-cuttings, as it is an indurated light-colored fossiliferous lime
stone. Although it contains some relatively impermeable beds of marl or dense 
limestone, much of it is highly permeable; the permeability resulting from 
solution of the rock by circulating ground water (LeGrand, 1960, p. 17-18) 
(Mundorff, 1945, p. SO). 

In the southern part of the county beds of sandy coquina and clay, prob
ably of Miocene age, overlie the Castle Hayne Limestone. The sandy coquina 
yields some water to wells and probably forms a single hydrologic unit with 
the Castle Hayne. 

Where the Castle Hayne Limestone is pres~nt in the northern part of the 
county, it lies near the land surface, but is more than 100 feet deep in the 
southern part. The thickness of the Castle Hayne varies greatly from one 
piace to another, being generally less than 50 feet in much of the county and 
more than 100 feet in the southern part (fig. 9). 

The water-bearing characteristics of the Castle Hayne are variable from 
place to place, depending on the thickness and permeability. The specific 
capacities of wells tested range from 4 to more than 50 gpm per foot of draw
down. The highest yields obtained from the Castle Hayne Limestone are in the 
area between U. S. Highway 17 and Wrightsville Beach. The water in the Castle 
Hayne occurs under water-table conditions in the northern part of the county. 
Elsewhere, however, the water may be confined beneath clay beds. Wells gen
erally tap only the Castle Hayne in the southern part of the county where the 
limestone is thickest, but in the northern part, where it is thinner, the wells 
also generally tap both the Castle Hayne and the sand in the Peedee Formation • 

• 
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Figure 14.--Map showing the hardness of water in the sandstone aquifer in 
the Peedee Formation. 
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Figure 15.--Map showing the concentration of chloride in·water of the 
sandstone aquifer in the Peedee Formation. 
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Figure 16.--Map showing the concentration of iron in water of the sandstone 
aquifer in the Peedee Formation. 
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GEOLOGY AND GROUND-wATER OF NEW HANOVER COUNTY 

Many wells penetrating the Castle Hayne. are of the open-end type, ·the 
casing being set near the top of the. formation in hard limestone. A few un
screened wells have been noted to yield water containing coarse quartz sand 
and fine gravel from the upper part of the formation, probably from sand
filled solution channels or cavities in the weathered surface. 

The water levels in the limestone (fig. 17) are highest in the interstream 
areas, indicating that the formation is recharged locally; water levels are 
lowest in the major stream valleys and along the Atlantic coast where natural 
discharge takes place. Recharge of the limestone is facilitated in the north
eastern part of the county where the limestone is shallow and where it is over
lain by flat-lying sandy material into which precipitation readily infiltrates. 

The quality of the water in the Castle Hayne Limestone is acceptable for 
most uses. The iron concentration of ~ater samples analyzed ranges from 0.1 
to 12 mg/1 (fig. 18) and in general decreased from areas of rechar5e toward 
areas of discharge. The chloride content of the ~ater generally is low except 
along the Atlantic coast where there may be leakage of sea water into the 
limestone. Figure 18 also shows that the chloride concentrations increase in 
the areas of discharge--creeks, sounds, and inlets--and are greatest along the 
coast from Wrightsville Beach northward. The water is moderately hard (61 -
120 mg/1) to very hard (more than 200 mg/1). 

Undifferentiated deposits of late Tertiary age 

Southwest of Wrightsville Beach the Castle Hayne is overlain by an aqui
clude of calcareous clays, sands, and silts containing thin shell beds. This 
marly sequence thickens southward from Wrightsville Beach and Barnard Creek 
toward Carolina Beach where it is about 75 feet thick. Only very small sup
plies are available from the thin shell beds and cleaner shallow sands of this 
unit. Locally sandy coquina of irregular distribution forms a minor aquifer 
at or near the top of the above sequence. Specific capacities of two wells in 
sandy coquina (table 1) were 2.6 gpm per foqt of drawdown for well 368 and 6 
gpm per fDot of drawdown for well 381. In four wells for which quality of 
water data are available, the iron concentration ranged from 0.3 to 3.1 mg/1, 
the chloride concentration ranged from 5 to 22 mg/1, and the total hardness 
ranged from 84 to 278 mg/1. 

Undifferentiated surface deposits 

The slightly inclined rock units previously described are overlain at the 
surface by beds of sand, clay, and marl. Such surficial deposits include ter
raced materials and related beach sands, the present day beaches, sandy coquina 
beds marking Pleistocene beaches and inlets, high fossil sand dunes along U. S. 
Highway 421 from the Pender County line to Carolina Beach, Pleistocene stream 
channels filled with coarse sand, and silty interstream deposits. The surface 
material throughout almost all the area contains the uppermost ground-water 
body. 

The water in the surface material is under water-table conditions through
out the county. The configuration of the water table apprdximates the topog
raphy of the land surface. 
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Figure 17.--Map showing the altitude of the water level in w~lls 
penetrating the Castle Hayne Limestone. 
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Figure 18.--Map shoYing the concentration of iron and chloride in 
Yater of the Cas~le Hayne Limestone aquifer. 
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HYDROLOGY 

The high altitude of the water table beneath topographic highs in New 
Hanover County indicate that the recharge areas are the broad areas between 
the streams. The uplands are favorable recharge areas, as they generally 
are flat and very sandy. Runoff is low to nonexistent. The streams have 
incised their channels into the surface material, and the ground water dis
charges as springs and seeps along the stream channels. 

The thickness and water-bearin~ capacity of the surface material vary con
siderably from one site to another. The thickness determined from auger holes, 
ranges from less than 20 feet to about 60 feet. The water-bearing capacity de
pends not only on the thickness but also on the character of the material. 

During this investigation the geology and hydrology were further explored 
through installation of 8 test sites and observation wells. The results of 
these tests are reported and interpreted in the following section of Hydraulic 
Characteristics of Aquifers. 

The sand dune areas south of ~ilmington are similarly underlain by coarse 
sand in many places, and the hydrology is thus similar. However, infiltration 
from the tidal creeks and the river must be prevented because the Cape Fear 
River estuary is quite brackish downstream from Wilmington. Brackish water 
extends farther up the Northeast Cap~ Fear than up the Cape Fear River. There
fore, all infiltration wells to be screened in the dune sand and stream de
posits adjacent to the Northeast Cape Fear River between Wilmington and Castle 
Rayne should be managed carefully to avoid lateral salt-water encroachment. 

Elsewhere, small yields are available for small irrigation and domestic 
supplies from the finer grained and shallower surface sands throughout the 
county. 

The iron content in water from the surface material generally is high 
everywhere except adjacent to creeks, sounds., and ~tuaries, ranging from 0.01 
to 12 mg/1. However, in the sand hills area the iron content of the water is 
less than 0.3 mg/1 except near the rivers where some infiltration probably 
occurs. 

The chloride concentration is less than 20 mg/1 throughout the county in 
the surface sands. Where the sands are adjacent to parts of the Cape Fear 
River that contain brackish water, the risk of drawing brackish water into 
the sands is increased by pumping of wells. 

The hardness of the water in the surface sediments ranges from soft (less 
than 60 mg/1) to moderately hard (61-120 mg/1) throughout most of the county. 

Large yields of water have been obtained from wells in the sand hills area 
between the Cape Fear River and Northeast Cape Fear River north of Wilmington. 
A yield of 1,100 gpm was obtained from a multiple well-point installation for 
•.veral weeks during construction of the Sutton Power Plant in 1952 (LeGrand, 
1960). One large pond near well 105 on the east bank of the Cape Fear River 
11 reported to have a similar high yield. Well 108 which taps the•dune sand 
hal been tested at 480 gpm at 7.0 feet of drawdown--or a specific capacity of 

.69 apm per toot of drawdawn. However, specific capacities of wells at the 
·. J. uarby Nitrex Plant range from 2 to 15 gpm per foot. Screens .for naturally 

•._ ... eloped wells in these sands range from 35 to 60 slot size. 
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Previous investigators (LeGrand, 1960, and Thompson, 1941) have noted the 
permeable character, the lack of surface runoff from, and the infiltration 
potential of the above sand hill deposits. LeGrand (1960) suggested that 
about 90 percent of the prcipitation in the sand hills area soaks into the 
ground, and estimated that about 730 million gallons a year per square mile 
becomes ground water. He also indicated that because of the great perme
ability of the sand, the ground water discharges readily into the swamps bor
dering the rivers, and the water table is nowhere more than a few feet above 
river level. He further suggested that water from the rivers could be induced 
as additional recharge to the sand where water levels are lowered below river 
level by pumping wells and cautioned that where recharge from the river occurs, 
the chemical quality of the water pu~ped from the sand may be objectionable 
where the river water is brackish. 

HYDRAULIC CHARACTERISTICS OF AQUIFERS 

A phase of the ground-water study was designed to determine such charac
teristics as the coefficients of transmissibility and storage of the aquifers, 
and the specific capacity of wells drawing from the several aquifers. Aquifer 
characteristics were determined by making pumping tests on test wells, selected 
irrigation wells, and domestic wells; assisting well drillers in making pumping 
tests on wells following construction; evaluating drillers' records of previous 
pumping tests; comparing tidal fluctuations in wells with the corresponding 
ocean tides, and making pressure recovery tests on flowing wells. The test 
data are presented in table 1. The well numbers correspond to the numbers 
shown on the well location map (fig. 3). 

For those tests which were of less than 24-hours duration, the specific 
capacities are shown as measured at the end of the tests. The adjusted 24-
hour specific capacities are then tabulated in the following column, and 
plotted on figure 19. The coefficients of transmissibility are calculated 
from pumping-test data or estimated from specific-capacity data. The satu
rated thickness of an aquifer is given where.fhat information is available. 
The approximate field permeability may be calculated at some well sites by 
dividing the transmissibility by the saturated thickness. 

Specific-capacity data derived from the tests of l-1/2- and 1-1/4-inch 
wells are affected by incomplete development, partial penetration of aquifers, 
pipe friction, and screen losses. Adjusted specific capacities of small dia
meter wells in the sand hills northwest of Wilmington differed from the ob
served specific capacity of the 10-inch gravel-packed wells at the Sutton 
Plant by a factor of about 1 to 20. Calculated coefficients of transmissi
bilities differed by as much as 1 to 4. 

Comparison of the tested coefficients of transmissibility of wells 51 and 
107 with those of established production wells in the area indicates that the 
coefficients of transmissibility of the coarse sand most reasonably range from 
50,000 gpd (gallons per day) per foot in the north near the Pender County line 
to 100,000 gpd per foot in the vicinity of the Sutton Plant. The sand is also 
known to thicken in ~his direction. From the above transmissibilities and the 
observed ground-water levels the sand hills area is calculated to be discharg
ing 0.88 to 2.0 mgd (million gallons per day) per square mile to the surrounding 
river and underlying formations. Of the 50 inches of annual precipitation 18.5 
to 41 inches is contributed to ground-water recharge. 
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Well 
No. 

1 

2 

4 

5 

7 

16 

24 

25 

27 

36 

47 

48 

50 

51 

52· 

53 

54 

63 

73 

Pumping 
rate 
(gpm) 

25.5 

30 

322 

325 

325 

63 

400 

300 

200 

32 

35 

55 

2.6 

10 

12.3 

2 

12 

36.5 

24 

Draw- Length 
down of test 
(ft) (hours) 

7.6 3 

5.3 2.5 

45 24 

20 24 

47 24 

3.6 .67 

75 96 

28 24 

12 24 

2.6 .3 

4.1 .6 

4.6 .9 

8.7 .3 

4.4 • 7 

5.2 2 

24 .5 

3.7 2 

2.6 • 3 

? • 5 

Table 1.--Aquifer test data on selected wells 

Specific capacity 

gpm/ft of drawdown Storage Saturated 
End of End of Transmissibility coeffl-

Aquifer!!./ 
thickness 

test 24-hours (gpll/ft) clent (ft) Remarks 

3.4 3.2 13,000 - 29,ooal!.1 Kpd 45 3' of 11.." screen 4 , 
1130 slot 

s. 7 5 1,ooo - 14,ooa!!.1 0.1-0.25 1'ch 50 

7.2 7.2 10 ooo!!.1 , Tch-Kpd 

16 16 20 oo~1 , Tch-Kpd 

7 7 10 oo~1 , Tch-Kpd 

17.5 14 25 ooo21 , Tch-Kpd 40 

5.3 5.3+ 8 oooS:-' , Tch-Kpd 

10.7 10.7 15 soo£1 Tch-l<pd , 
: 

16.7 16. 7 24 ooo£1 Tch-Kpd 
' 

, 
12.7 9.0 20 oo~1 , 005-.05 Kpd 

9 6.5 10 90~/ , Kpd 

12 8.3 11 20~/ , Kpd 

.3 .3£1 4 ssa!!.1 , Kpd 20 2' of 2" screen, 
1110 slot 

2.3 2 • .fo! 20,000 - 30 ooo!!1 , TQ 38 2' of 11" screen, 
fllO slot 

2.4 2.4£1 26,000 - so oo#1 . 2 TQ 
22 Transmissibility , 

calculated from 
tidal effects 

.1 
. c/ 3 ooo~/ TQ 27 3' of 1~" screen, .1- , 

1110 slot 

3.2 3.2£/ 22,600 - 63,soo£1 TQ 41 3' of 1~" screen., 
1110 slot 

14 7. 7 11 ood!1 , Kpd 40+ 

1.8 ? 1.3 4 oo~1 , Kpd Only 71 penetrate 



---------- ---------
Table !.--Aquifer test data on selected wells--Continued 

Specific capacity 

Pumping Draw- Length 
gpm/ft of drawdown Storage Saturated 

Well rate down of test End of End of Transmissibility coeffi- a/ thickness 
No. (gpm) (ft) (hours) test 24-hours (gpd/ft) cient Aquifer- j_ft) Remarks 

82 52.5 0.65 0.3 81 60 140 ,oo~1 Tch 50+ 

88 36 1 4 36 30 40 ooo£1 
' 

Kpd 

90 53 1.3 .3 40 28 40 oorJ!-1 
' 

Kpd 20+ 

91 62 1.4 • 5 44 23 25 oorJ!-1 
' 

Kpd 30+ 

106 46 12.7 2 3.6 3.fJ!lf 28,000 - JO ood!-1 
' 0.15 TQ 33 10' of 2'' screen, 

#10 slot: 

107 12 3.5 2 3.4 3.4~/ 60,000 - uo ,ooo~U TQ 25 3' of 1.!." screen 
2 ' 

1110 slot 

108 480 7 1 69 100 ooo£1 
' 

Kpd-'fQ 46 - 67 Gravel packed fro 
33 to 53 1 

110 16.5 4.2 2.2 3.9 3.#1 70 oook1 
' 

.3 TQ 36 

.4'#-/ 111 3.9 9.3 1 .42 4 ooo2.1 Kpd-TQ 20+ 3 1 of 1t" screen 
' ~ . 

15 ooo£1 1130 slot 
113 200 18 19 11 11 ' 

Kpd 28 

114 200 13 72 15 15+ 20 ooo£1 
' 

Kpd 37 

115 80 20.4 24 3.9 3.9 s ooo£1 
' 

Kpd 24+ 

127 7.8 .16 1 49 34 so ooo~/ 
' 

Kpd 40+ 

128 . 210 8.7 18 24.4 24 30 ooo£1 
' 

Kpd 40+ 

129 300 7.5 1 40 60 oocfol 
' 

Kpd 40 

131 343 9 10 38 50 oo#l 
' Kpd 

132 465 8 1 58 70 ooo£1 
' 

Kpd 

134' 64 2.6 .3 24 15 30 oo~1 
' 

Kpd 

141 73 . 73 .25 100 75 100 oook1 , Tch-Kpd 38+ 

175 165 1'54 1 3. L+ 6 ooo£1 , Tch-Kpd 

181 250 60 24 4.2 4.2 6 ooo£1 
• Kpd Gravel pack 

19~ 1.00 \ 1.4 "l 7.1 10,00o£/ ·····J ...... 
\ \ --· -

• ! 
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Well 
No. 

208 

215 

218 

228 

230 

244 

254 

260 

262 

290 

294 

299 

302 

323 

329 

335 

341 

342 

343 

361 

368 

397 

198 

-------

Specific capacity 

Pump in~ Draw- Length gpm/ft of drawdown 

r.ate down of test End of End of 
(gpm) (ft) (hours) test 24-hours 

97 14.4 24 6.8 6.8 

165 44.5 7 3.7 

220 20 1 11 

340 80 24 4.25 ' 4.25 

360 55 24 6.6 6.6 

16.4 5.9 3 2.8 2.5 

60 16 .3 3.7 2.6 

150 20 48 7 7.5 7.5 

150 90 48 7 1.7 1.7 

100 15 6.7 

275 58 24 4.8 4.8 

144 36.7 24 4.0 4.0 

110 17 24 6.5 6.5 

50 7.6 ? 6.6 

25 7.8 1 3.2£1 

19.2 36 24 5.3 5.3 

4. 7 2.4 5.4 1.95 1.8 

600 19.6 8 30.6 21.3 

60 15 24 4 4 

50 7 • 17 7 4 

5 1.8 5.1 2.8 2.6 

150 33 24 4.55 4.55 

153 51 24 3.0 3.0 

-- ····· ----------------

Storage Saturated 
Transmissibility coeffi- . a/ thickness 

(gpd/ft) cient Aquifer- (ft) Remarks 

13 oooP-' 
' 

Kpd 40+ 

s ooo£1 , Kpd 

20 ooo£1 
' 

Tch-Kpd 

6 ooo£1 
' 

'l'ch-Kpd Gravel pack 

10 ooo£' 
' 

Tch-Kpc.l Gravel pack 

a ood?-1 
' 

Tch-Kpd 

6 ooo£1 
' 

0.001 Kpd 

11 oorfol 
' 

Kpd 

4 ooo£1 
' 

Kpd 

10 ooo£1 
' 

Kpd 

9,oocf-1 Kpd Gravel pack 

7 ooo£' 
' 

Tch-Kpd 

14 ooo£' 
' 

Tch-Kpd 

14 ooo£1 
' 

Tch-Kpd 

9,oooP-I Tch-Kpd 

7 oooP-1 
' 

Kpd 

4 oooP-' 
' 

Kpd 

40 oooP-1 
' 

T<J-Kpd Gravel pack 

6 oooP-1 
' 

Kpd 

6 oocft1 
' 

Tch-Kpd 

4 oo~1 . 5 TQ 54 2' of 1~" screen, 
' 1110 slot 

1 ,ooo-t s./ Tch 

5 ,000+£/ Tch 



- ----------· 
. ,..,.._ . --·- ~ .. ··.::.:.....- -

Table !.--Aquifer test data on selected wells--Continued 

Specific capac tty 

Pumping Draw- Length gpm/ft of drawdown 
Storage Saturated 

Well rate down of test End of End of Transmissibility coeffi- a/ thickness 
No. (gpm) (ft) (hours) test 24-:hours (gpd/ft) cient Aquifer- ( ft) Remarks 

406 28 1.7 0.3 16.5 12 30 ooo!?-1 
t 0.0001 Tch 

407 170 30 5 5.7 5.4 20 ooo!?-1 
t Tch 

410 235 23 9 10 9 20 ooo£1 
t Tch 

412 30 8 3. 3.8 2.8 5 ,000+ Tch 

!}_/ Kpd - Peedee. 
Tch - Castle Hayne. 
TQ - Undifferentiated late Tertiary and Quaternary sands. 

I..J 
()) 

I 
]!../ Calculated from time-dr~wdown graph-

!:..I Estimated from specific capacity and storage data. 

E. I Calculated from tidal effects. 

~I Still undergoing development at end of test. 
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Figure 19.--Map showing measured specific capacities of wells with depths 
less than 180 feet below mean sea leve·l. 
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The amount of ground-water discharge that can be salvaged as potable 
water depends upon future well-field design and development, the degree to 
which the area is left unpaved, and the manner of disposal of industrial 
wastes. The moderate coefficient of transmissibility and high coefficient 
of storage indicate that the coarse sand deposits can be developed using 
infiltration galleries, open ponds, multiple well points or large-diameter 
gravel-packed wells. 

The data from the sand hills area northwest of Wilmington indicate that 
yields from wells 8-inches in diameter, gravel packed to a nominal 16-inch 
diameter with 20 feet of screen, and spaced at least 500 feet apart will be 
at least 250 gpm. Similar yields should be expected from such well-field 
designs in the sand-dune area south of Wilmington where underlain by coarse 
sand. Larger yields may be obtainable as a result of induced infiltration in 
areas where the sands are hydraulically connected with the rivers, such as at 
the Carolina Power and Light Co~pany's Sutton Plant and along the Northeast 
Cape Fear River below Castle Ha)~e. Care must be exercised, however to pre
vent infiltration from the rivers where they contain brackish water. Brackish 
water extends upstream in the Cape Fear River as much as 10 miles above 
Wilmington during periods of low flow. This fluctuation in quality of water 
from time to time requires careful planning of ground-water development near 
the river. 

Elsewhere the specific capacity of a properly designed and developed well 
generally is found to be at least 3 gpm per foot of drawdown throughout the 
county (fig. 19). Minimum yields of 150 to 250 gpm of potable water may be 
developed almost anywhere in the county. 

The specific capacity of wells in the watershed of Smiths Creek north of 
Wilmington is greater than 20 gpm per foot of drawdown. Here, the sandstone 
aquifer, containing some calcareous material, has undergone solution and 
channels (fig. 19) in its upper surface contain up to 30 feet of coarse sand. 
Solution in the aquifer may account in part for .. the abnormally high specific 

" capacity of ·..rell 112. Wells having exceptionally high specific capacities 
also are found in the limestone aquifer at Porters Neck (well 82) and near 
Wrightsville Beach (well 251). However, high specific capacities of wells in· 
the limestone is much more sporadic than in the other aquifers. 

The prohibitive cost of drilling test wells and the limited time avail
able made it necessary to collect most of the data from existing privately 
owned wells. Thus, the available hydrologic data from remote and unpopulated 
areas are less than desired. Specifically, the position of the salt-water 
interface and information on the water-bearing characteristics of the sand
stone aquifer are unavailable in the southern tip of the county. In areas 
where the geology is known but the hydrologic data are deficient, the aquifer 
characteristics are estimated by projecting known data from similar geologic 
situations. 

The information presented in this section does not preclude the necessity 
of drilling exploratory wells when the desired quality of water is critical 
or when the needed quantity of water approaches 1the limits indfcated in this 
report. 
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HYDROLOGY 

WATER-LEVEL FLUCTUATIONS 

Observation wells were established in the different aquifers during the 
initial phase of the study to measure changes in ground-water storage. 

Despite heavy rains ground-water storage is least during June, July, and 
August when evapotranspiration demands are greatest, and again during DecembP.r 
after the fall "drought." The water level is highest in late February and 
early March during the period when winter rains are heavy and vegetation is 
dormant. There is frequently a secondary peak in ground-water levels in Sep
tember resulting from heavy rains. 

LO"i-:-FLOW DISCHARGE !-1EASt!RDfE!\TS 

The low-flow discharge of streams, sometimes called the "base flow," is 
that streamflow which occurs during long periods of fair weather. This flow 
is derived entirely from ground-water discharge. In order to evaluate the 
amount of ground water discharging in New Hanover County, measurements were 
made of the low flow of Smiths, Prince George, and Todds Creeks, as well as 
the flow from Greenfield Lake. These creeks and the lake are important areas 
of ground-water discharge in New Hanover County and may represent significant 
sources of water supplies. 

In October 1965 a low-flow recession recorder was placed in operation on 
Smiths Creek about 500 feet southwest of N. C. Highway 132. Data from this 
recorder were used to determine what part of the streamflow is supplied by 
ground water. The streamflow in Smiths Creek, water levels in well 141, and 
the precipitation at the New Hanover County Airport are shown for the period 
from October 1965 to March 1966 in figure 20. 

Smiths Creek has a drainage area of 8.9 square ~iles upstream from the 
low-flow recession recorder. It is a rural, sparselY.·populated area of which 
two-thirdt is forest-covered and one-third is agricuitural. Large ground
water witndrawals are not known in the area. 

Figure 20 illustrates the relationship between precipitation, ground
water levels, and streamflow variations. During the period from late October 
through December the total precipitation at the nearby New Hanover County Air
port totaled only 2 inches. Although plant transpiration and evaporation 
were low, they utilized nearly all the precipitation, and very little ground 
vater was added to storage. Thus, the water level in well 141 declined at 
the nearly uniform rate of 0.03 feet per day. The ground water discharge 
into Smiths Creek, as indicated by the nearly horizontal segments of stream
flow graph during this period, was approximately 2 cfs (cubic feet per second). 

During the period from early January through the middle of March, when 
evapotranspiration losses were still at a minimum, the increased precipitation 
resulted in a ri~e in the water level in well 141 at rates of about 0.06 to 
0.03 feet per day. As the aquifers became saturated a decreasing amount of 
the available precipitation went into storage and the contribution to stream
flow was correspondingly increased. 
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Figure 20.--Composite graph of precipitation at the New Hanover County 
Airport, discharge from Smiths Creek, and fluctuations of 

the water level in well 141. 

On March 16 the water level in well 141 declined sharply possibly due to 
reduction of backwater effects in Smiths Creek combined with increased evapo
transpiration. If it can be assumed that the evaporation losses and the pre
cipitation from late October to January were similar to those from March 15 
to April 25, then the 0.01 foot per day increase in the water-level decline 
in well 141 during that period can be attributed to plant transpiration. 

The January 4, 1966, low-flow discharge of 1.8 cfs at the station on 
Smiths Creek represents about 1.2 mgd of ground-water effluent. The April 
25, 1966, 1o~ flow of 1.6 cfs (1.07 mgd) is about 89 percent of its January 
rate. 
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HYDROLOGY 

Greenfield Lake is on the southern edge of the city of Wilmington. It 
has a drainage area of 4.1 square miles and was discharging 3.1 cfs (1.9 mgd) 
of water at the spillway on December 8, 1965. The streams draining into the 
lake are quite short, and their gradients range from 30 to 50 feet per mile. 
Thus the lake is in effect a very large spring. Although storm sewers drain 
into the lake, sanitary sewage lines do not. 

Prince George Creek has a drainage area of 2.4 square miles above its 
intersection with the Blue Clay Road (rural road no. 1318). Most of the area 
is forest land. The December 9, 1965, discharge of 0.22 cfs represents 0.14 
mgd of ground-water discharge. 

Todds Creek has a forest drainage area of 0.03 square miles above its 
intersection ~ith ~. C. Highway 132. The December 9, 1965, discharge was 
0.11 cfs (0.07 mgd). 

~· 
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QUALITY OF WATER 

The quality of ground ~.-ater in ~;e.: Hano\·er c~~t:nty is influenced by the 
chemical and physical character of the wat0r as it enters the ground and by 
the composition of the rocks through which it moves. Rainwater usually con
tains dissolved gases, chiefly oxygen and carb0n 2ioxide, that make it slightly 
acidic and thus capable of dissclving ~in~ra! ~attcr from the rocks comprising 
the aquifers. The che~ical quality cf ~at~~ varies considerably between areas 
of recharge and areas of d~schar~e. Shallc~ ~rc~n~ ~ater in the county has a 
low hardness where the Plei~toc<:~e and :1ic.:ene se.::.nents are not composed of 
soluble carbonates. Becaus.:: of tht- •.-:att-r' i- a.:!t::! ~-: d!1d the high solubility of 
iron in acid water, iron is leac~ed fro~ ~:.~era:~ ·~ t~~ aquifer. As ~ater 
moves through the a;~i!~r :~~~r~ ~· ~ ~~~ ~:~-~ - ~: t~n~s t~ i~crease !n 
r::ineral content, chi::: fly :--:..:a·..:s.,- -£ t:.-:· ::::-: ::: ::-. : :· .:.1:care..:-us ce::-ent. 

DISSOLVED MINERAL CONSTITUENTS 

Chemical co~pounds of :alciu~, iron, ~ctassiu~. sodium, magnesium, and 
most other common t:Jetals r::ake ·..:r ::-.ost cf t:-.;: disscl\·e.:! nineral matter in ground 
water. Chemical analyses of ~ater sac?le~ ~ron various aquifers in New Hanover 
County are given in table 2; partial analyses are reported in table 5. Complete 
analyses were made to give adequate areal and chenical representation of the 
individual aquifers. The sarr.pling sites ~ere chosen on the basis of data 
obtained from partial analyses. 

The chemical analyses in this report are expressed in milligrams per liter 
(mg/1). As of October 1, 1967, the r. S. Geologi~al Su~vey reports results of 
chemical analyses in nilligra~s per liter (~g/1) instead of in parts per million 
(ppm). In the fresh through noderately saline ~ater range, mg/1 are virtually 
equal to ppm. The following discussion gives pertinent information concern
ing the geologic source of dissolved mineral c~stituents, the recommended 
limits of the U. S. Public Health Service, nethods of treatment, and their 

• significance in relation to use. 

SPECIFIC CO~DVCTA~CE 

Specific conductance is a measure of the capacity of water to conduct an 
electric current. The conductance is primarily dependent upon the amount of 
dissolved constituents and their degree of ionization. Therefore, specific 
conductance values may be used to estimate the total amount of solids in solu
tion. They are expressed in reciprocal ohms times 106 (micromhos)at a standard 
temperature of 25°C. 

HYDROGEN-ION CONCENTRATION (pH) 

The hydrogen-ion concentration, expressed in pH units, is the degree of 
acidity or alkalinity of the water. The pH of a solution is the negative log
arithm of the concentration of the hydrogen ion in moles per liter. Numeri
cally, the pH scale extends from 0 to 14. A water having a p~value of 7 is 
said to be neutral, and th~ c~ncentration of hydrogen ions is equal to the 

• 
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a.• 1 

ell • Nua ber 

·-
22 
23 
2!1 
34 
311 
l!U 

!II 
l!3 
611 
70 
116 
117 

H1 
87 
96 

108 
111 
1U 

131 
134 
H7 
1!14 
1!1!1 
180 

187 
177 
178 
209 
230 
249 

2l!3 
2, 
258 
2l!7 
258 
2!19 

Date 
ol 

collection 

09/22/8l! 
Ol!/20/52 
10/21/85 
09/27/8l! 
09/23/85 
09/27/Bl! 

08/11/Bl! 
08/11/U 
09/24/8l! 
09/2V85 
09/23/8l! 
08/02/8!1 

08/12/85 
08/08/85 
09/23/8!1 
09/27/8!1 
08/10/8l! 
08/04/8l! 

05/18/6l! 
09/23/8!1 
09/27/8!1 
10/21/11:1 
09/24/85 
09/27/8!1 

12/08/85 
09/24/8l! 
09/24/85 
08/10/U 
09/12/81 
10/H/IIl! 

04/20/8l! 
04/20/8l! 
04/20/85 
04/20/8l! 
04/20/85 
04/19/85 

I Spectttc 

~~.., 
conduct-
aac• .... (atcro-

a. a. aboe S! at 2l!"C) 

380 
737 
427 
400 
4l!8 
2U 

33 
195 
511 
l!40 
U7 

599 28100 

320 10480 
220 331 

582 
29 
31 

174 

32l! 
452 
48l! 
803 
450 
77t 

877 
381 
389 
l!02 
390 !;.1 
337 

l!90 
730 
uo 

3050 
920 
830 

- -I 

-· 
Te • pH 
at 

pe r 
uro sulc:a 

c· F) (8101 ) 

8,9!1 
--: 

85 12 

~-~., 
8.8 It 
7:1 ~' 

-- 41 
85 24 
64 29 
66 26 

7,l! 65 12 

8,5 66 l!,9 

~-:., 
6'7•1 
7:1 !t 
7,7 

68 l!,9 
68 12 
68 28 
66 1l! 
88 8,8 

7,9 68 9,8 

~-~.1 
l!:1 !I 

-- --
68 --
67 4,!1 

8,9 68 4,1 
8,5 66 6,9 

8,2 17 
7,5 
8 8•1 
7'2•1 
1:o!l 

84 18 
88 --
66 22 
66 10 

7,0 88 30 

-lJ ...... -=: -· -· (1) (1) 

" '1 (1) 

0 ..... 

Table 2.--Chea1ca1 ana1yeee of water 

(Reaulu tn a11Ug....., par Utar el[c:ept as lndlcat.,.IJ 

llag-
Cal- na-
c:tua eh1a 
(Cal (~) 

u 3,:1 
84 8,l! 
83 2,1 
72 1,1 
87 3,8 
4!1 l,J 

3.4 ,2 
17 ,7 

101 2,9 
103 4,4 

77 !1,3 
195 233 

67 84 
19 1,6 
89 !1,8 

1,8 ,!I 
3,0 ,4 

18 1,!1 

3!1 9,1 
Ill 3,6 
110 2,9 
86 12 
70 4,3 

100 IU 

t 
llodtua • CHa) ( 

---· 
5~-~1 
8,0 

12 
7,8 
4,2 

t,& 
18 
8,f 

11 
13 

!1350 

2330 
40 --
2,1 
1,8 
7,8 

I !I 
12 --
32 
1!1 
!10 

~0 
9 

1,1 

I, 4 
1,4 
2,3 

,8 

,6 
2,2 
1,0 
1,3 
1,8 
0 

0 

,!I 
1,9 
1,9 

2,4 
1,11 

:1,8 
I ,2 
5,1 

Chi<> Fluu Nl-
llultat ride rltle trate 

(801 I CCII (fl (Ntl 3 J 

-·----
190 10 9.: 'o.:• I. !l 
30l! 2,4 H4 ,I 7 
284 .4 II .2 .. 
230 ,4 lfj ,I :I 
282 ,4 t:• .2 :I 
129 11,4 7 .I ,2 2 

11 2,4 l,fi ,CI 4 
52 11,6 :.?7 (I I 

310 ,8 16 .:.! H 
327 2,6 I !I .2 : .. 
267 II 16 .2 :r 
408 M6 71111 .~ .. 
408 511 350 ,I 1.1 

75 47 
322 311 

6 3,2 4.· .I ~ 
10 2,2 :1,1 ,CI :r 
14 9,4 14 ,I "" 

1114 :1,8 27 ,I :I 
2115 ,4 Ill 2 :r 
2114 1:1 
333 1,4 3!t ·~ ,:r 
184 10 :rH r:r 
:159 1,4 711 ~. 

Pho!l 
r>hat 
cro. 
··---
11,0 

:as 
,I 
.o 
,3 

,00 
,01 
.I 
,0 
,0 

CJ 

,0 

0 
:oo 
,0 

·" .I 

.OJ 
,2 
,U . ...... 

~·~ •I 
8:111 
7,8 
7,4 
7 ,1!1 

-- 23 'so 
68 20 49 
8!1 10 71 -- 16 :12 -- 12 200 -- 8,7 60 

7,9 
7,9 
8,0 

66 18 !14 
64 18 80 
64 Ill 20 

8,0 
7,9 
8,1 

64 18 69 
64 17 !14 
80 17 32 

14 u 
12 8,6 
1,4 6,6 
4,6 u 

12 --
2,8 8,7 

12 58 
13 83 
38 8l! 
84 392 
16 9l! 
2!1 118 

2 

6 :1 
s:o 

,II 
4,8 

,6 

8,4 
8,8 
8,8 
2 
9,8 
9,6 

:122 
210 
220 
1711 

190 

226 
234 
238 
228 
207 
204 

8,11 fil • 4 .. ,07 .-
,4 15 .·1 ,I ,0 
.II 12 .I :r CJ 

15 5H .. .. I) 
.~ 

:o 70 2CJ " 1,2 15 .I :I .36 

8,2 117 .:r .. .. ,0 
9,2 107 ,:J .:1 ,0 

14 136 ,:I .. ,0 
88 81111 2 :I .I 
17 t7CJ • ·' ,I 
18 147. 4 " .o 

!f Fteld pH aeter Yalue. !V Calculated He plue K, ~ported ae Na, ~/ Fulbright Laburatorlo•, Inc, 

- -

J~r-Ols- Hardness 
llau- !lnJved 

lue- ga- sui ids Cal- on-
lnua lro nne I (c:alc:u ctua. ar- Color 

(AI) (fe (llnl 1 latetl ••Kne n-

o :12!-u-(IJ 
stua ate 

-·-- .. --· --
0,1 202 174 18 0 

:92t :u7/ 446 24!1 2 
,I 2.9 ow 261 217 0 10 
,I 2,7 :~~~ 24fi 186 0 ' .2 1,6 ,II 27!1 2J3 2 ' ,I 64 ,031 143 117 10 5 

,I ,OJ o·• 21 J(' I 0 
,I .57 :o:'l 1116 4!1 20 !I 
,2 :1.0 ,OS 297 264 10 70 
,I 4,9 ,Oil 3:11 276 8 10 
.I 1,0 .oo 260 214 0 5 
,:I 6,0 ,10 151;00 450 110 7 

,3 ,61 ,04 6700 !112 177 4 
,OU !14 0 

2,11 ,09 246 0 !I 
,0 ,02 .02 21 6 2 0 
.o ,08 .OJ 22 9 I 0 
,0 ,89 ,07 107 52 40 4 

,0 • J!l ,11:1 1!15 126 0 2 
.I 2.2 .lilt 2H5 218 0 !I 

2,7 ,1:1 236 4 8 
.2 ,1'2 ,00 361 264 0 12 
.I ,02 .01 252 193 42 ' ,:I ,01 ,01 452 293 0 1l! 

,2 ,02 ,00 3!16 2!16 0 7 
,I ,02 ,02 214 170 0 !I 
,I ,71 ,04 211 1114 3 ' .42 2113 I !II) 4 
,8 1.11 Jl2 212 10 
,2 .117 ,03 191 161 4 8 

,0 ,8!1 ,01 3!17 184 0 ' ,I ,115 ,00 393 203 11 9 
,I .J2 ,01 436 208 13 12 
,2 

.93 I ,00 1560 438 2!11 7 
,I ,4:1 ,01 482 200 30 7 
.I .09 ,00 43:1 182 15 . ' 



- -- - - - -

-
:tpeclttc 
conduct-

Date "iA a nee pH 
Well ot .... <•tcro-

Number collectioD j! MOa 
at 2li"C 

260 04/20/8:1 980 1.~ 282 Ot/21/8:1 871 1. •I 
264 10/0t/85 355 1. -
275 10/15/115 261 7. !1 
281 10/20/65 260 1.~!1 
287 09/30/85 195 7 •I 

288 09/29/65 218 7 7. •I 
316 10/14/65 658 7:~!1 
317 10/U/65 5116 ~-~·1 331 10/21/65 374 
335 09/30/65 297 7:~!1 
340 09/30/65 426 ll. !1 

343 10/19/85 952 7 .e. !1 
345 09/30/65 -- 6.4,!1 
348 09/30/65 -- 7.(J!/ 
3C7 09/02/65 332 10500 6 fi. •I 
347 08/30/U 822 25300 7:3' !I 
349 09/30/85 384 7.5 ~/ 

362 10/16/85 552 7.3 !1 
368 10/21/65 181 \7.8.,!1 
371 10/14/85 192 1 a•J 
372 09/30/85 324 7.3'"' 

381 10/:lll/85 271 7•51 o/ 
383 10/14/85 274 7:a'!l 

388 10/14/85 374 7 o( a/ 
390 10/21/11:1 129 6:8 !J 
398 11/09/114 445 7.9 
3117 11/10/64 522 8.0 
398 11/10/U 422 7.8 
399 11/10/64 530 7.7 

400 U/09/6' :135 a.o 
405 10/22/64 675 ~-: ., 
406 10/19/65 490 
407 10/22/114 419 7.6 
4011 02/07/63 397 7.7 . 410 02/08/83 938 7.7 

411 02/08/113 419 7:~ 
412 10/11/115 1440 7. ! 

-- - - - - -

Te•-. 
par-

ature Silica 
("r) (SJ01 ) 

t-·--. 
56 -~ 

-- 17 -- ---- --
6ll 11 
67 5.6 

67 ---- 18 -- 30 
611 3.1 
67 --
67 --
67 12 
65 --
68 --
69 9.0 
70 7.4 
66 18 

-- 27 
69 ---- 9.1 
66 8.8 
67 13 -- !2- ·'-; 

67 38 
67 5.2 -- 22 -- 27 -- 21 -- 29 

-- 29 
87 43 
68 --
67 45 -- 40 
68 34 

66 32 
68 22 

Tlobla 2.-Chamlcal analyse" or wat&r--Contlnucol 

(Results in mUUgrams per lJtar except a,. lndl.,•ta•l 
---- ---~ -.-.~-

llag- Vo-
Cal- ne- tas-
Ci\110 alua Sod IWI SIWD 
(Cal (IlK) (Na) (K) 

·-- - .. 
60 19 JOO 9.J 
56 J2 67 R.9 
61 4.2 -- --
48 2.3 -- --
47 2.6 4.3 .8 
J7 I.J 3.5 .5 

28 7 .I -- . -
50 17 64 6.11 
55 22 32 2.4 
72 2.:1 5.9 .4 
31 6.1 -- --

'33 7.9 -- --
:u 12 142 12 
48 1.6 --
72 6.0 --
81 69 2000 70 

232 153 51 Ill ,5 
:Ill 13 25 4.11 

46 :JJ 17 19 
33 .7 -- --
:Jll I .8 :1,7 .5 
57 4 .I 7.3 .7 
46 1.9 H.O .6 
35 7.8 10 I ,4 

40 16 H.7 9.2 
17 1.8 5,7 .9 
411 16 17 16 
39 24 22 IH, 
42 12 14 17, 
45 21 24 19. 

38 25 24 20 
87 13 28 17 
82 e.o --
33 21 14 16: 
:10 22 6.6 17. 
46 24 86 20 

65 3.6 Ill 1.8 
60 16 197 18 

Blear-
bonate 
(HC03 ) 

·-·· .. -
22:1 
222 
204 
152 
154 
110 

J:lt 
260 
2:.17 
218 
126 
172 

147 
151 
245 
36ll 
346 
178 

:144 
104 
Ill 
190 
152 
144 

208 
~~~ 

:w4 
24:1 
190 
244 

247 
3ll4 
272 
221 
207 
223 

20ll 
195 

s 

ll 

l"hlu r-·ruu- Nf
ulfatt rhh• •·lcll• tratc 
(stl•) (C"I/ H'l (No3 

I 

I 

6 
9.6 

1.4 
1.2 

2,fl 
1.11 
11,11 

2 

45 

1117 
lfl!t 

IIi 
II 

7 ·' 7, li 

!1, ,; 
tftJ 
72 
II 
fi2 
52 

:!HJ 
Jfi 
J:l 

:!Hitlf 

II ,4 11.1 
,:1 .2 

.:! ,I 

.I ,I 

,:1 .. .-
.I ,:1 
.:! ,3 

. ~ .I 

1,!1 :1. H 

I 

41 15 
2.11 

:1111 1,1 I !I 

l,li 

.R 
1.4 
1.6 
2.4 

.6 
5.2 

.6 

.4 
I .4 
1.0 

.2 
• H 

.4 

.8 
7.6 

4.0 
1.6 

:1H 

21 
5.u 
fi,!l 

12 
12 
I ft 

2:! 
Ill 
:17 
17 
:1~ 
~!I 

~II 

fi4 
27 
J4 
211 

u;:r 

26 
360 

'I .!! 

~. ,:1 

.I ., 
,I ·:; 

.~ 

,I ,2 ,, .2 

,:1 ,I 
I :t,:J 

,I I 
.I 1 
.I " •• I 

,I " .. 1:1 

.2 ,:1 
,2 II 

.2 ••• 
,I .o 
,2 3 

- - - -

'. . ·-.---· --·-~ -·--~ 
Dis- Hardness 

Jlan- solved 
J'hns ~IWII• K&- solids Cal- Kon-
l>hah Jnum Iron ne5e lea leu clu.., car- Color 
( 1'1, I (All (l'e) (lin) Ia ted/ ••ane bon-...... ate 

. ·- ·-· ---u.o n.o 2,5 11.02 51!1 226 44 7 
.2 .I 1.9 02 Jll9 188 6 5 

-- -- 2,0 :~; -- 168 2 ---- -- ,25 -- 128 4 --
115 .2 .20 Ill !51 128 2 JO 
)2 .2 .25 :.5 117 98 8 8 

-- -- ,06 .OJ -- 98 0 --
,05 .2 ,28 ,OJ 377 196 0 14 
,02 .I 1.3 ,04 332 228 34 JO 
,24 .I .05 .04 211 188 10 10 

f -- -- .II .112 -- 102 0 --
i .:: l -- ,14 ,Ill -- 116 0 --

.I 1.4 .OJ 513 126 6 7 -- -- 4.0 ,Oil -- 126 2 --
-~ 6,3 IJII -- 205 4 --

,OJ ,2 2.7 :u5 511J() 4116 187 5 
.oo .4 5 ,14 14600 210 927 5 
17 2 .Ill ,02 22~ 142 0 12 

• J() 2 ,Ill ,112 :1:15 248 0 Ill 

-- -- .26 ,OJ -- 84 0 --
.16 ,2 ,10 ,Ill 114 94 3 10 
.IH .2 .119 .OJ JH5 158 3 Ill 
,U9 .fl 1.:1 ,II U9 124 0 7 
,Ill . I .OJ ,Ill 155 118 . 0 1 

,1111 .I ,O:J ,Ill 2:17 Ifill ,, II 
.'1:\ IJ .14 ,112 7:1 411 II 6 

·" :. .411 ,Uf 249 166 0 10 
0 •• .96 Ul 297 196 0 18 :o ,1 .25 01 236 155 0 18 

.IJ .2 .22 :on 308 200 0 17 

.o .2 .57 ,01 :JOB 200 0 7 

.'I .3 .42 .or 428 274 0 25 -- -- .611 .01 -- 229 II --
·" ,1 .16 or 27:.1 170 0 tO .. , .2 .13 :o~ 239 167 0 5 
.o .2 .35 .or 493 215 32 5 

' ,II .I .25 O:J 249 178 10 5 
.us .2 .52 :o2 771 217 57 10 
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QUALITY OF WATER 

concentr~lion of hydroxyl ions. A water having a pH-~c1ue gr~nter than 7 is 
referred to as basic; that is, the concentration of hydroxyl.ions exceeds the 
concentration of hydrogen ions. Conversely, if the pH if less than 7 the hy
drogen ions exceed the concentration of hydroxyl ions and the water is said 
to be acidic. Inasmuch as the pH values are the numerical change to the log
arithmic base, a water with a pH of 3 is ten times as acid as water with a pH 
of 4, and conversely a water with a pH of 9 is ten times as basic as a water 
with a pH of 8. The pH values are important indicators of the corrosive po
tential of ground water. Acid waters generally are more corrosive than alka
line waters. 

The pH of ground water was determined by the author using a pH meter 
calibrated by standard buffer solution before each measurement. The water 
was pumped until its temperature stabilized, and then it was conducted by 
closed system to the pH cell. Xost artesian water in the county had a field 
pH slightly greater than 7.0. The pH of waters that remained in sample bottles 
for several days ranged up to 8.2. 

TEMPERATURE 

The temperature of most water samples from New Hanover County ranged from 
64 to 66°F. The average annual air temperature at the Wilmington weather sta
tion is 63.8°F for a 30-year period of record. Higher temperatures noted in 
table 2 were caused by warming of the water by the sampling pump or while in 
above-ground storage tanks. The higher temperatures of water from wells 87 
and 347 are related to the relatively great depths to the aquifers at these 
wells. 

Silica in ground water is derived from the weathering of silicate minerals 
that are common in the Coastal Plain materials. Except when present in high
pressure boiler feed or steam-turbine water, high co~centrations of silica in 
ground vater are not objectionable for most industrial processes. The concen
trations of silica range from 4.1 to 45 mg/1 and are highest in water from the 
limestone aquifer in New Hanover County. 

CALCIUM (Ca) AND MAGNESIUM (Mg) 

Compounds of calcium and magnesium are abundant in the limestones, marls, 
calcareous sands, and sandstones in the county and impart most of the hardness 
to the water. The ions of calcium and magnesium are similar in chemical reac
tion insofar as most water uses are concerned and are considered together in 
this report. Circulating acidic water dissolves calcium carbonate and carries 
it in solution as calcium bicarbonate. The quantity in solution is directly 
related to the carbon dioxide content of the water. The reaction is reversible 
10 that where carbon dioxide is being released, such as at the screen and well 
head where there is a decrease in pressure, calcium carbonate is redeposited. 
ln one well near Myrtle Grove, carbon dioxide (identified by chemical test) is 
occasionally released in sufficient quantities to cause cavitation of a 1/2-
horsepower centrifugal pump. 

• The calcium and magnesium concentrations of well water in New Hanover 
County are given in table 2. 
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GEOLOGY AND GROUND-WATER OF NEW UANOVER COUNTY 

SODIUM (Na) AND POTASSIUM (K) 

Concentrations of sodium and potassium in New Hanover County are low in 
ground water, except in wells 300 feet or more in depth, and in shallow wells 
near the coast. Along the sounds and beaches brackish water contains rela
tively high concentrations of sodium as well as chloride. 

Water containing as much as 50 mg/1 of sodium and potassium may be used 
for most domestic purposes; however, greater concentrations may cause foaming 
in high-pressure boilers. Sodium and potassium do not impart a noticeable 
taste to water in concentrations of less than several hundred milligrams per 
liter. 

Ground water in New Hanover County is principally the bicarbonate type 
with calcium and magnesium as the dominant cations. hbere the chief cations 
are calcium and magnesium the water is usually hard. As demonstrated by water 
from well 87, the sodium ion is sometimes exchanged for the calcium and mag
nesium ions to produce a soft sodium bicarbonate water. This ion exchange 
principle is used in the zeolite softeners for domestic and industrial water 
supplies. 

Bicarbonate has little effect on the domestic use of water, but it may 
cause foaming and scale formation in some industrial uses. 

Sulfur-bearing minerals such as pyrite and marcasite are present in the 
sediments beneath the county. These minerals, and the calcium and magnesium 
sulfates frequently associated with shell and ~~mestone beds, are soluble in 
ground water. Sulfate is also contributed to tainwater from airborne salt 
spray and industrial pollutants. Except in the deep test holes (wells 87 
and 347), sulfate in water tested in the county did not exceed the U. S. 
Public Health Service recommended limit of 250 mg/1. However, sulfate may 
be reduced by bacteria and decaying organic matter to produce hydrogen sul
fide and sulfur. The gas, hydrogen sulfide, a common nuisance in coastal 
counties, has an offensive rotten-egg odor; and when dissolved in water, 
forms a weak acid and imparts a characteristically disagreeable taste. The 
odor of these reduced waters can usually be remedied by chlorination to pre
v~nt bacterial growth. The effectiveness of both aeration and chlorination 
in the removal of H2S is dependent upon the pH of the raw water. 

CHLORIDE (Cl) 

Small amounts of chloride are available from the decomposition of igneous 
rocks. However, the original source of most oceanic chloride is probably from 
volcanic gas and hot spring emanations associated with volcanic activity. 
More than 90 percent of the dissolved solids in the oceans are chloride salts, 
and the chloride ion concentration ranges from 19,000 to 20,000 mg/1 in sea 
water. Chloride salts are incorporated within the porous sediments when they 
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QUALITY OF WATER 

are deposited or submerged beneath the ocean. Airborne salt spray also con
tributes chloride to the aquifers in coastal areas (Wait and Callahan, 1965). 
The rate of flushing of these aquifers by fresh water depends on time, the 
hydraulic head, and the composition of the flushing water. 

Chloride concentrations are less than 40 ~g/1 in waters from the water
table aquifer. Chloride concentration is less than 20 mg/1 in the limestone 
aquifer (fig. 18), except along the estuaries and sounds where it ranges from 
50 to 400 mg/1 due to lateral encroachment of brackish water. Encroach~ent 
of brackish ~ater is a preble~, especially ~here dredging of the Intracoastal 
Wate~ay along ~tiddle Sound has breached the permeable Castle Hayne Limestone. 
Chloride concentration in the sandstone aquifer (fig. 15) is less than 50 mg/1 
everywhere within the interior of the county at depths c: less than about 200 
feet. Except in areas of heavy pumping, chloride concentrations in this aq
uifer along the sounds and at ~rightsville Beach range from 50 to 260 mg/1. 
No information is available from the southern end of the county ~r.ere the 
sandstone aquifer lies below a depth of 200 feet. In test wells 87 and 347 
the chloride content of the water is about 3,000 mg/1 at a depth of 300 feet 
and more than 8,000 mg/1 at a depth of 600 feet. 

The u. s. Public Health Service recommends that the chloride content not 
exceed 250 mg/1 in ~ater used for domestic and public supplies. The chloride
contamination problem is further discussed in a following section. 

FLUORIDE (F) 

Fluoride in ground water is due to the solution of fluoride-bearing 
minerals such as apatite, fluorapatite, the phosphates, the micas, hornblende, 
and organic matter such as shells. !he micas, phosphates, and shells are 
prevalent in the sediments of the county and probably contribute most of the 
fluoride in the ground water. . ?' 

Fluoride in concentrations between 1.0 and 1.5 mg/1 in drinking water 
aids in reducing tooth decay in children. In concentrations greater than 
1.5 mg/1 fluoride may cause permanent mottling of the teeth (dental fluorosis) 
when used by children (Maier, 1950, p. 1120-1132. Fluoride concentrations 
averaged 0.2 mg/1 and ranged from 0 to 0.5 mg/1 in all ground water tested 
in wells as much as 200 feet deep. 

Nitrate in ground water is generally considered to be the final oxidation 
.rc3du,~t of nitrogeneous (organic) waste. A nitrate concentration in excess of 

mg/1 generally would indicate a nearby source of pollution. Shallow dug 
and well points are most often subject to pollution from sewage, fertil

' and polluted surface waters. 

The so-called "blue-baby" condition is a possible hazard when water con
taining nitrate concentrations in excess of 45 mg/1 is mixed in feeding for
~las. Water from all but one of the wells tested in the county had nitrate 
concentrations less than the U. S. Public Health Service recommended maximum 

45 mg/1. Well 115, which draws water from beds of permeable sand, is prob
contaminated by nitrogen fertilizers. 
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GEOLOGY AND GROUND-WATER OF NEW HANOVER COUNTY 

PHOSPHATE (P04) 

Phosphate in ground water may result from the solution of apatite or 
phosphate fertilizers. Phosphate concentrations in ground water tested in 
New Hanover County were below 0.4 mg/1. 

ALUMINUH (Al) 

Aluminum is a very common element in the earth's crust. However, high 
concentrations of aluminum are not common in ground water because this metal 
is only slightly soluble in water under the conditions that prevail in New 
Hanover County. Aluminum concentrations in ground water tested were below 
0.5 mg/1. 

IRO~ (Fe) A.'iD ~L-\~GA~ESE (~In) 

Iron in excess of 0.3 mg/1 is objectionable for many uses. Excessive 
amounts of iron and manganese impart a reddish-brown color to utensils, 
plumbing fixtures, and laundry. It also interferes with dyeing and the man
ufacturing of some products, such as paper and photographic film. 

Excessive iron concentrations are common in water in the shallow sedi
ments in the county. The shallow ground water generally is more corrosive 
than deeper water. Oxygen and carbon dioxide are the principal constituents 
of ground water causing corrosion. As the shallow water moves downward 
through the soil and other sediments, the oxygen is used up in the oxidation 
of organic and inorganic matter; the carbon dioxide reacts·with carbonates to 
form bicarbonates. 

it is not always apparent whether the iron is in the water as it 
the well, or whether it is dissolved from the well casing and pipes. 
important to determine the source of the iron,;vhether dissolved from 
rocks or the pipes, before methods for its re~val are employed. 

enters 
It is 
the 

Iron concentrations in the water sampled are generally more than 1 mg/1 · 
from wells in the water-table aquifer, between 0.3 and 4.0 mg/1 for vater 
from the limestone aquifer, and less than 0.3 mg/1 in the sandstone aquifer 
in areas along the Atlantic coast and the Cape Fear and the Northeast Cape 
Fear Rivers. 

The chemical behavior of manganese in water resembles that of irott. 
However, since manganese is much less abundant in rocks, its concentrations 
in ground water are generally lower than iron concentrations. The U. S. 
Public Health Service recommends that manganese not exceed 0.05 mg/1 in 
drinking and cooking water. Ninety-one percent of the water samples analyzed 
for manganese contained less than 0.05 mg/1. Manganese ranged from 0.0 to 
1.5 mg/1 in ground water in Nev Hanover County. 
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QUALITY OF WATER 

DISSOLVED SOLIDS 

Total dissolved solids are the residue after a given volume of water ha 
been evaporated and dried at a fiefinite temperature (180°C by the U. s. Geo-s 
logical Survey methods). Computed dissolved solids are equal to approximately 
one-half the bicarbonate plus the sum of the other chemical constituents in 
milligrams per liter. Computed dissolved solids are used in the report, un
less stated otherwise. 

The U. S. Public Health Service recommends that dissolved solids in public 
water supplies not exceed 500 mg/1. Except in cases of chloride contamination 
dissolved solids are less than 500 mg/1 in ground ~ater in New Hanover County.' 

H.-\RD~ESS 

Hardness of water is usually recognized by the increased amount of soap 
necessary to form and maintain a lather. Hard water is objectionaole not only 
because of its soap-consuming properties, but also because it forms scale in 
boilers and, to a lesser de~ree, encrustations in cooking utensils. The 
principal ions that produce hardness in ground water are calcium and magnesium, 
which have been discussed in a previous section. The follo~ing classification 
of water hard,ness is used by the U. S. Geological Survey. 

Hardness as caco
3 

(mg/1) 

0 - 60 
61 - 120 

121 200 
More than 200 

Classification 

Soft water 
~oderately hard water 
Hard water 
Very hard water 

Figure 14 shows the areal distribution of the hardnes~,in the sandstone aquifer. 
Most of the water in the county with the exception of •.that from the water-table 
aquifer would be classed as hard to very hard water o! the calcium-bicarbonate 
type. 

Hardness in excess of that equivalent to the carbonate and bicarbonate 
present in the water is referred to as noncarbonate hardness. 

OCCURRENCE OF SALTY WATER 
AND ITS POSSIBLE ENCROACHMENT 

In New Hanover County it is important to know where the salty water occurs 
the ground as well as in the major rivers so that fresh water can be devel

oped without encroachment of salty water. The county is underlain by aquifers 
containing brackish to highly saline sea water. The overlying reservoir of 

. fresh water exists in dynamic equilibrium with the underlying and surrounding 
· lalt water. 
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The contact between fresh water and the underlying salt water lies within 
the Peedee Formation everywhere in the county except in the limestone near the 
sound at Porters Neck. The upper part of the Peedee contains fresh water. 
The data from several deep wells indicate that saline water progressively 
increases in chloride concentration to basement. Figure 6 shows the general 
configuration of the top of a sand bed in the Peedee Formation that contains 
more than 3,000 mg/1 chloride, and indicates that the top ranges from about 
180 feet below mean sea level in the western part of the county to about 340 
feet below sea level in the eastern part. 

The chloride and other pertinent data from two deep test wells drilled 
during this investigation and the available data from all previously known ex
ploratory wells are summarized below in table 3. 

Vhen. near 
!'1.-rraysvil!e 

Edwards 1 about 
2 miles ),_. of 
Myrtle Crove-

liri1hcsv1lh 
leach 

Allied lennecot 

Carolina P01o1er 
.. Lij!ht 

Swart Oairy 

Carolina trucktna 
Developsent eo. 

Table 3.--Sur.~ary of deep test well data 

,.~;:~~ -:: :..~~ . .: 1:.:-·.·~ sota :11!11':';1co!'-
~at~!' '•.:'-1 b~!vv "sl sur!a.:e !~~tvel C~l.:n~~ ature 
Oril!e~ X.:-. t!t) f';n.U1C1"! 'f: i {!t\ ·~~·u (•F) ;l'H Re~ .. rks 

19o3 s; ~;a P.eedee 3~ !S ; • J ~ . .) t7. 5 
55~ ::~e~ee .. , .. 51. ;;(I o9 

1965 3<7 KO Fe• dee ,. ·- ;.:!'10 ~a.·• <. B 
~96 Feedet! .Q ;,3:: 70 ~. J 

1953 ~tl! !35 E'!!>edll!e rJ;51) ~r:o'lo;.. !Q;~., 

350 ?.ecdee 1,00()-

3<: ;g. ?~i!~~tC.e"' .. !!a'J :ic !s:-:. ••:er 
r.e~orte~ 

S.ear lSO Pc~~tdee !ra.:ithh ._.at.!r 
~~a rco;~"rted 

~; JJj ?eeJee 35 :a ;,ooo 
a;:i)rox. 

1903 I 1,3<0 , Tou'-aloo!ia s.~oo. 99 Salt? froc 365 

F to 1,5 .. 0 

1905 Se.ar 250-318 Peed•n ZCt ~ !\or.! IoVin~ ieported s.altv, 
•15 J18·J50 P!i!edee N . Flowtni ! Clork .and 

' ot~ers, 1912 

Saline waters from these aquifers are possible sources of bromine and 
other rare salts. Too, the chloride-total hardness ratios in these waters 
are such that they possibly may be used to regenerate sodium cation water 
softeners. With suitable noncorrosive plumbing, their high temperatures 
could be employed for heating. There is a possibility that these aquifers 
could be used for disposal of industrial wastes. 

Ocean water lies everywhere off the county's eastern shore and moves 
with the tides up and down the Cape Fear and Northeast Cape Fear Rivers and 
most of the larger creeks. The distance traveled depends upon the volume of 
downstream flow and the height of the tides. The denser sea water moves 
wedge-like along the stream bottom, and the fresh water flows opt above it; 
however, turbulence causes some mixing along the salt-water interface. Where 
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QUALITY OF WATER 

infiltration occurs, the quality of water from wells located near the ocean 
and river estuaries is dependent on the salt content of the water that in
filtrates and the proportion it represents of the water pumped. 

The position of the salt-water interface beneath New Hanover County de
pends upon the height of the fresh water above sea level and the density of 
the sea water. Due to the difference in density between fresh water and salt 
water, fresh water floats upon salt water much as oil does upon water in ac
cordance with Archimedes' principle. In a small land body composed of ho
mogeneous sand and surrounded by water a reduction in the fresh water level 
of one foot will theoretically cause a corresponding rise in the underlying 
sea water of 40 feet. Although exact conformance with the above principle 
does not occur in New Hanover County or in most coastal aquifers due to dif
fusion or mixing along the salt-water interface (fig. 21) (Kohout, 1961, and 
Cooper and others, 1964) variation in vertical and horizontal aquifer per
meabilities, and incomplete encirclement of the county by sea water, a small 
decrease in the height of the fresh water above sea level may result in a 
much larger upward movement of the salt-water interface. Thus, a reduction 
in rainfall or an increase in the withdrawal of water by pumping, swamp 
drainage, o~ dredging reduces the hydrostatic head and results in a corre
sponding encroachment of the salt water. 

__________ ? _____________ _ 

wnw~ ~~----------------------~ 

Figure 21.--Diagram showing the circulation of salt water and 
fresh water in a coastal aquifer. (Include credit in title). 
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GEOLOGY AND GROUND-~ATER OF NEW HANOVER COUNTY 

Figures 15 and 18 show that the chloride concentrations are greater in 
the vicinity of creeks, sounds, and estuaries where the hydrostatic head 
approaches zero. This is shown also at Kure, Carolina, and Wrightsville 
Beaches where the hydrostatic head has been lowered by pumping. The result 
has been a slight upward movement of salt water or lateral movement of sea 
water from the ocean and estuary, or both. Where lateral encroachment of 
saline water occurs in the shallow aquifers, such as along the Cape Fear River 
and the sound at Porters Neck, entrance of salt water to the well may be pre
vented by extending the well casing through the contaminated zones and de
riving water from the fresh zones below. Vertical encroachment can be con
trolled by well-field design and management practices that decrease the draw
down of the water level and spread the cones of depression over a wider area. 
Proper practices include pumping more wells at lower rates and using multiple 
well points and infiltration galleries for shallow installations. 

Although chloride conta~ination is not a serious problem in 9ew Hanover 
County, the fact that it can happen is borne out by the increased chloride 
content of the Wilmington wells pumped at high rates during the drought of 
1940, and by the recent increase of chloride in wells 342 and 257. 

Data are insufficient for making quantitative determinations.of safe 
yields for wells in the several aquifers at any specific point in the county. 
In areas of heavy pumping it is advisable to monitor the chloride content of 
the water at the point of pumping and in surrounding observation wells. This 
method is being used by the Superior Stone Company for advanced warning of 
contamination. 

The quality of ground water near the rivers may be influenced by the 
quality of the river water. Chloride concentrations and other chemical data 
collected by the U. S. Geological Survey on the Cape Fear and Northeast Cape 
Fear Rivers are given in Bulletin 1, volume 7, of the North Carolina Depart
ment of Water Resources (Woodard and Phibbs, 1965). A typical chemical anal
ysis of sea water is given in table 4 for those-~onstituents that occur in 
excess of 1 mg/1. · 

Table 4.--The composition of sea water 

Concentration 
Constituent 

Chloride (Cl) ••••••••••••••••••••••••••••••••• 
Sodium (Na) • .•.•••.•••••••.••••••....••...•... 
Sulfate (S04) . .... • • . • • • • • • • • • • • ~ • · • • • • • • · • · · · 
Magnesium (Mg) • ••••••••••••••••••••••••••••••• 
Calcium (Ca) .................. .....•.......•.. 
Potassium (K) ................................. . 
Bicarbonate (HC03) •••••••••••••••••••••••••••• 
Bromide (Br) .•............•.....•..•.......... 
Strontium (Sr) ...............•..•............. 
Boron (B) ....••••.•...••••..•.•.•........•.... 
Fluoride (F) •• ~ ••••••••••••••••••••••••••••••• 

(mg/1) 

18,980 
10,560 

2,560 
1,272 

400 
380 
142 

65 
13 

4.6 
.1.4 

(Adapted from Rankama and Sahama as given in Hem, 1959.) 
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WELLS AND WELL CONSTRUCTION 
Existing privately owned Yells and test Yells drilled for or by the 

U. S. Geological Survey Yere the source of most of the data used in this 
report. Data for these Yells are given in table 5 at the end of the report. 
The 412 Yells inventoried are numbered horizontally across the map of the 
county and are shown in figure 3. 

The Yell data indicate that problems encountered in obtaining adequate 
supplies of Yell Yater of good chemical quality may result from inadequate 
Yell construction. Wells frequently have a low specific capacity because of 
poor construction or development methods, and they ~ay produce water of unde
sirable chemical quality because they tap the least desirable of several 
aquifers. The following section on Yell construction, adapted in part fro~ 
Wyrick (1966) is included to help minimize some of the problems by improved 
well design. 

Water-well construction is usually governed by the owner's water needs 
and the cost of the well. As the owner must determine what his requirements 
are, the following discussion describes the various methods of well con
struction and the advantages and disadvantages of each. The types of wells 
constructed in New Hanover County are shoYn in figure 22. These wells fall 
into three categories; bored wells, driven Yells, and drilled wells. In 
figure 22 diagram A is a large dug Yell, the next one (B) is a driven well, 
and·the others shown are drilled wells. 

Where large quantities of water are needed for irrigation, ponds are 
frequently dug and used as wells. The chemical quality of the water is com
parable to that from shallow driven wells. Infiltrati~n galleries and mul
tiple well-point installations also may be constructed·Mhere domestic needs 
preclude the use of open ponds or where caving is a problem. 

Driven wells are constructed by driving a length of steel.well casing 
with a pointed drive-screen into a sandy water-bearing zone. The well is 
developed to clear the finer sandy material from the screen area and then 
equipped with a pump. Driven wells in New Hanover County are usually 1-1/4-
to 2-inches in diameter and less than 30 feet in depth. 

Several types of drilled wells are constructed in New Hanover County. 
Among these types are: open-end wells, single- or multiple-screened natural
development wells, and the single- or multiple-screened gravel-pack wells. 
Multiple-screen wells may also be naturally developed, but none of this type 
were found in the county. 

Well C in figure 22 illustrjtes the open-hole type of well. This type 
is constructed by drilling into consolidated rock, such as the Castle Hayne 
Limestone, and setting a steel casing in the top of the consolidated reck. 
Usually the well is then deepened to the sandstone aquifer of the Peedee 
Formation and cleaned by pumping. This type of construction is restricted 
to areas which are underlain by materials sufficiently consolidated to insure 
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GEOLOGY AND GROUND-WATER OF NEW HANOVER COUNTY 
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Figure 22.--Diagram showing types of wells constructed 

in New Hanover County. 

that the hole will remain open below the bottom of the casing. This is the 
most common type of construction for domestic wells i~·the county. 

The screened naturally developed well is illustr~ted by diagram D in 
figure 22. This type of well is constructed by drilling into a sandy aq
uifer and setting a steel casing with one or more screens on the lower end 
so that the screens are in the sandy aquifers. The well is developed by 
washing fine sand and clay particles from the aquifer around the screen. In 
this method of construction it is important that the screen openings be large 
enough to allow about 50 to 70 percent of the fine sand in the aquifer to 
wash into the well. In developing the well by pumping and surging, the fine 
material of the aquifer is washed out of the well and the nearby formation, 
leaving coarse, more permeable material packed around the screen. Common 
problems in this type of well construction usually include (1) poor well de
velopment due to improper screen size or insufficient surging and pumping, 
and (2) setting the screen so that part of the screen openings are blocked 
by clay layers. 

Screened gravel-packed wells are illustrated by diagrams E and F in fig
ure 22. This type of well is constructed by drilling a hole through une or 
several aquifers, reaming or washing a large diameter hole in each aquifer to 
be screened, setting a casing with screens spaced in the casing at each reamed 
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WELLS AND WELL CONSTRUCTION 

aquifer, pumping gravel into the large diameter holes outside of the screens, 
and developing the well to remove drilling clay and fine material from the 
gravel zones. The gravel packing effectively increases the radius of the 
well in each aquifer. This, in turn~ increases the specific capacity of the 
well. Generally, only municipal or industrial wells are constructed in this 
manner because of the greater cost. 
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CONCLUSIONS 

New Hanover County is underlain by sediments ranging in age from Creta
ceous to Holocene. These sediments occur in layers most of which tend to 
slope at low angles toward the Atlantic coast. They are composed of sands, 
clays, and limestone, and lie on a floor of hard consolidated rocks at a 
depth greater than 1,000 feet. A very large volume of water is stored in 
the sediments of the Coastal Plain, but sediments below depths of approxi
mately 300 feet contain water that is too salty for normal use. 

The usable ground water in the county occurs in three major aquifers. 
The uppermost aquifer is that of the surface sands, of ~!iocene and Pleisto
cene age, that extend over the county. This aquifer is especially i~portant 
along the western edge of the county where sand dunes overlie coarse sand of 
Pleistocene(?) age. This aquifer is replenished by precipitation directly, 
and the water table is near land surface in much of the county. Water from 
this aquifer discharges into streams and into low swampy areas and into the 
underlying aquifers. Many shallow well points obtain water easily from this 
aquifer. The water is low in mineral matter but tends to be corrosive. 

Below the surface sand in the eastern, central, and northern parts of 
the county is the Castle Hayne Limestone of Eocene age. This limestone is 
in most places less than 40 feet thick. It yields as much as 600 gallons per 
minute to a few wells, 150 to most, and is considered a good aquifer. Spe
cific capacities of existing wells range from 3 to 60 gpm per foot of draw
down. The water is of the calcium bicarbonate type, being moderately hard to 
very hard in quality. 

Underlying the Castle Hayne Limestone and separated from it by some rel
atively impermeable clays is the sandstone aquifer id'the Peedee Formation. 
It yields 200 gpm to many wells and in excess of 400 ~ some; in most places 
it is used in conjunction with the Castle Hayne Limestone aquifer. Specific 
capacities range from one to 75 gpm per foot of drawdown. 

Although each of the aquifers is to a great degree a separate unit, the 
less permeable materials between the aquifers allow some interchange of water. 
Heavy withdrawals from either the Castle Hayne or the Peedee sandstone aqu1-
fers will tend to affect movement of water to or from the other. 

The development of ground water on a large scale in New Hanover County 
should be considered with care because of the possibility of encroachment of 
salty water into the fresh-water beds. This encroachment may occur vertically 
upward from beds containing salty water. Near the coast and along the Cape 
Fear and Northeast Cape Fear Rivers lateral encroachment of brackish water 
or sea water into the fresh-water formations is possible when the water level 
is drawn down appreciably by pumping. 

If heavy withdrawal is contemplated the following considerations' may 
prove helpful: 

& 
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1. A more detailed investigation of the local hydrologic 
conditions is needed to determine the posit~ons and 
character of impermeable beds that could prevent or 
retard encroachment. 

co·•cLUSIONS 

2. Periodic determinations of chloride in water from one 
or more observation wells that yield water from an area 
between the producing wells and the salt-water body, 
would be helpful in detecting increase in chloride 
content. This would give sufficient warning so that 
the rate of pumping could be decreased and an orderly 
evaluation of the water problem could be made. 

3. Properly spaced producing wells would prevent excessive 
drawdown at the apex of the cone of depression. 

4. The draining of swamps in recharge areas would lower 
the water table and have other effects upon the ground
water reservoir. 

5. Capping flowing wells in the county would help to pre
serve the hydrostatic head necessary to prevent salt
water encroachment. 

6. Introduction of contaminants into the aquifer would 
pollute the water supply. 

7. Long-lived radioactive waste would make the water 
unsafe for generations. Plugging all abandoned salt-water 
wells with clay or concrete· (from the bottom up) would pre
vent the contamination of fresh-water aquifers in the 
event that corrosion causes eventual rupture of the 
well casing. ·· 

So long as care is taken to prevent the encroachment of salty water 
into the fresh-water aquifers, a fuller use of the ground-water resources 
can be made. The county has not yet approached an optimum development of 
its ground-water resources. 
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------- ·-· -- ~--. .. - .. -·- ----

~ ... ... 
II 

__!!:_ 

~ 
Well location Cll 

0 
1:1 Owner 
Cll 
;:J 
1:1' 

l.at Long II 
l:ll --

... ,.... Quality 
II Ill +> "0 ... ... ,. .. ... II II 0" 110 .. ,. wrttur 

A "' Ill II 
~--

.. :. ..... ... .. » "' ... 11111 1!111 ~, Ill t>O .1:1 .... .. U+' '011 ... .o lll"tl I r: Rumarks Ill ... "' "' Gl ;:J'H 0+' II r: ... .... ... 0 d "0 .1:1 .1:111 .. ...., ..... -o~ "00 r: 0 C!l ... .. , 
II "' .. .. ... .... 1111-- ... tl :s Cl> c -uu ......... 

j II t>O A 0.'-' +'t:l .... 110 Gin. <I ... 0 ... . OICI>C: 
Ill II: .s II .. e.._ ... !3 ..... Vl oriU. ... s..:x: .... <10. ;o:.o;:J 

..P _g _g__ -~··· ~ .. ~h~ ~~ ......... 0 u. tJ :X: !(I -------------· 
1 :14221611 0775403 1 USGS F u P G 29 30 2 T 5 !"• 7 4 2 Kptl rcmp. 6~ ••.. 

2 :11220511 0775154 1 SUPERIOR STONE II u J 50 2 X 5 5 2 Tch 
3 :1'12J.I7N 0775145 1 LEWIS NIXON I' II p 60 1 X 25 2:1 Tch 
4 ::12:!:HJN 0775048 1 IDEAL c•:rn:Nl' N N c n 160 ~=· 2•1 G Jr. :c : ~: ~ :rrr Td>-KJ"l 
5 ::·1~:.-!:~r·N 11775049 1 ID~AL CtM(,;N'I' II N c l) 164 24 G 27 1!1 :s:!!", :!U 1'dr··t:Jod 
li ::.;:~:!:~~N 0775045 1 IDEAL CtMI;N'f N u 75 7 X 1'c:r-Kp:l ul •... •.• ·II 

7 ::·1221111 0775051 1 IDEAL CtMI;NT N N c D 160 24 G 111 :c::H ~!f T<:h-Kp.l 
A :r-1:!20!JN 0774930 1 JIARLEY SM 11'11 }I II 40 J X 2:1 7 ., (I ~· :• 1'<:11 
!I ::-121:111N 0775008 1 J 8 WILCOX J> 1 J> J 117 51 6 X 26 29 J :!:; II (I li :r 'J'do-Kp•J 

10 :l-l2JJ5N 0775309 1 E NIXON p " 50 21 2 X 24 12 Tch-Kpol 
11 :J42112N 0775306 1 If A PENDER SR Jl II 35 1 X 23 12 1'ch-Kpd 
12 :J42111N 0775329 1 NEGRO DAPT Cll ,, T .. ''": 26 1 X 23 10 1'ch 

13 ::-121:::JII 0775353 1 QUEEN TIR~ S~ll p c 50 30 2 X 19 9 !HI .. li :J Kp1 
14 :1-1211 liN 077M02 1 RAINBOW £Nil M01' J> c 50 36 2 .x l!l 1 I :• li :1 Kpo.l 
15 :J·1:!1:!:1N 077Ml4 1 JOliN LOIIEK J> I 30 12 .. X 1:1 fl fill 1'ch-Kpol 
J(i :H:!I:!'IN 077M27 1 JOliN LOIIEK p I p 21 4 X 14 II }(Ill :; li 4 Tdo··Kp·.l 
17 
18 

:1-1:! I '~!Ill 07754-lr. 1 JOliN J.Oili::K 
·: ! :•o:il N 07755~•nl 1 lr II JONI:S 

J> II 111 1 X Trlr-1\p,J 
)I II 3'/ 1 .. X J!· 7 2 (I ~ 2 Kpol 



- - ---- - - - - - --

Table 5 .--Records ot wolls in New Hanovor County, N. c,--Continuod 

.... -- . ·--· ---·-·--. s. "" 
~ II ., .. .. ... ., 

ll. .. ., .. . Well location II ... .. ""' .. ~ 

0 u Owner ~ ... .. ..... 
:z: 1:1 .., ~ .. .. 

II s. 0 ~ 
, ~ 

o-4 :s II .. 
o-4 D' 1:1 .. 110 ll. .. Lat long II ~ 

.., ~ .s 8 ~ II) :::;, a 

, ~ ~~ Quality .. 0"" ot wator 
Ill .. :OM .... IICII Cll Cll -in 

1111 u .. , .. ....o ..,, .. ;:I'H ., c: I 1:1 Rt:marks 
SlG> ........ , ..... t: .o a. ... .. ... ... rlfl t: 'UU Cllk .. 
p,...., .. Q Ollll. 0 k a. ....... 
8 ... II) .... 1111 '• :X: r-t .. .. Cll t: 

<~ ><--- ... ll.U :r:Vl )E.O;:t 

-· ----· -----
19 342045N 0775404 1 SMITH BARBER p II p 40 1 X 6 :1 Kpd 
20 342043N 0775402 1 MELLO ICE CREAM N c p 10 
21 342030N 0775427 1 ST STANISLAUS p T p 180 
22 :I.S2033N 0775413 1 WILli PACKING N c c 68 

30 X 0 7 0 3 SprIng flow lCJ gpm 
2 X 4 0 5 3 Kr>:J 
4 X 18 ao• :I r.' J 5 :1 Kp<.l 

2:1 342033N 0775409 1 WILM PACKING N A c 21 6 X "'15 9 .j 2 G 4 Tch 
24 342033N 0775326 1 REASOR CHEMICAL N N OJ 150 30 10 G 22 9 400 75 2 Tch-KpJ 3 scr~eus bct\l~cn )0'·120' 

25 342045N 0775336 1 REASOR CHEMICAL N N D 148 34 10 G 8 300 20 Tcii-Kpd Strc:tlll·d 33'·148' 
26 342034N 0775323 1 REASOR CHEMICAL N u D 212 14 6 X 22 11 Tch-Kp<.l Strat i1:r~:.~.tc te•t 
27 342035N 0775324 1 REASOR CHEMICAL N N D 150 3:1 6 G 4 200 12 5 2 (i 4 Tch-Kp•l ";crt·t !)l·•1 )''·I )1' 

28 :J.S2025N 0775245 1 HENRY BAND p I 69 
29 3-12028N 0775216 1 R D TARDUGNO p H C G 60 

26 2 X 16 1 fi ., 1 3 Tch-Kpd 
20 2 X 29 11 •:Ill r. n' j' 6 :1 Tch-Kptl 1 ~·· jl (.~ •r 

30 342t;43N 0775207 1 A H PARKER p H 60 20 2 X 2!1 •111 7 I (j 1 1'ch-Kp•l 

31 3-12012N 0774925 1 USGS F u •·· :J 94 92 1 T 3:1 7 Kpd Aur.•·r llllll" ~0. 6 
32 342012N 07749~5 2 USGS F u J 42 40 1 T 3:t 4 1'ch Au~t·r· l•ulc t:.> 6 
33 342036N 0774755 1 USGS F u J 75 
34 :J•I?.U19N 0774727 1 JOSEPH WEN~:UT p II c 42 

7:1 1 T 22 0 Kp•l /.uJ:•· r t.u It• rio 45 
2 X 40 !J ~. ~~· 1 r • .. 'J't:h 1•··•·1'· flf, ••.. .. 

35 :J.SHI48N 0775147 1 C LITJ'LEJOIIH JR p II 50 2 X r. () r, :I 1'ch tlu• h lron lt.:lmrted 
36 341933N 0775205 1 RAEFORD TRASK p I 87 6 X J!l 12 Kp•J 

37 341934N 0775253 ·1 ARTHUR KAUFMAN p u 2!l 1 X 28 4 Tch 
38 341954N 0775316 1 K E KORNEGAY p II c 58 
39 341959N 0775312 1 IIR HILL p H 52 

52 2 X f> 7' I (j :1 Kpd 
24 2 X 9 •too Tch-Kpd 

40 342015N 0775323 1 H A BRANCH JR p II p 40 2 X 5 6 3 
41 342001N 0775431 1 S C STRICKLAND p u p 24 1 X 21 7 7 Tch 
42 342003N 0775434 1 S C STRICKLAND p H 90 til 2 X 21 6 45 Kpd 

• Estimated. 1 pH measured in tiold. 

' 

I .._,_ 



- - - - - - - - - - - - - - - - - - -..... - ... 4 __ ...... 

Table 5 .--Records of wells in Now Hanover County, N. c.--Continued 

- -- ---.. 
0 II Ill 
II; .. <of 

ll. ~ Ill . Well location ., ... .. "" ~ 
0 u Owner .tl .... .. 
II; Q Ill ... ! ~ ., .. 0 "CC .... :J ... .... C1' Q II ba _:_ Lat Long ~ ~ Ill .. 

-~- ----- ..?. . .. a. 

..... Quality .. "CC ... ...... .,. Ql o .... GIO ot water ., Ill .. >.-t 

" r 
-... .. .. .. DD QIGI ll Ill • ba ...... u .. Cll "CCGI .-..a ~ III"CC 

1.~ Remarks II ....... .tl ;:1'0< • a .tl .QGI CIIQ Ill ........ ...... "CC~ , ... ll 0 ., ..... .. ..... a ... ... ... Ill~~~ "G1it is ill "CCU +'01-.1 ll. p, ...... ........ Q .. o +' GIO OIGI ... . ... Cll c c! -~--
... ... .-illl ..... Cil ... t>.o l<oo• ... ;,: ... 01 p ... .0;:1 Q 1&. ~!'! ....... ~ .... ~ ...... o-- ~ U.(..) :J:Vl --·· -- ----· ----- .... - .. -·-·· . --

43 :1<12010N 0775441 1 lJ 1f SAVAGE p H p 
44 :142017N 0775436 1 ~ S CAMEUON p u 
45 :J42018N 0775441 1 ~ 8 CAMERON p u 
46 :J<I2018N 0775445 1 SA:AMERON p II 
47 :l42007N 0775504 1 ~UGH OOSTERWYK p I 
48 :J<I2000N 0775524 1 ~UGH oosn:RWYK p I p 

44 2 X • 21 5 •r.u G I 4 2 Tch-Kpd 
40 4 X II Kptl 

179 4 X 8 :I 7 5 Kp<l 
55 1 X :I 7 1 (i Kpc1 
71 3 X 21 6 Kp•l 
74 8 X 21 r. 2 6 1 KJ>d 

49 :Ht93GN 0775527 1 S J SZCZERBIAK p II 
50 :.SH926N 0775658 1 !usGs F u C GJ 
51 :J.11928N 07759:19 1 !usGs •• u C GJ 

100 1 X 25 1 2 6 :J Y.pd 
51 52 2 T 3-1 ·I /

1 11 1 :! Kpcl ot., • 1' .. I:, 'I • '·'" I .32 
-Ill 46 1 T lfl 15 (I I 0 () 1'~ Ob,., .t •. ' .~f 

52 :141957N 0775957 1 USGS F u J 38 36 2 T 7 '1'\J 
53 3.Jt9:12N 0780127 ~ ~:SGS F u C G 
54 :IH8:12N 0775904 1 SGS F u GJ 

20 lEI 2 T 3 Aur· ·.• 
65 6:! 2 T 17 'IQ 

55 :.SH9HIN 0775634 1 USGS F u GJ 
56 :I<IHJI!JN 0775526 1 JOHN G OWENS p II 
57 :J41817N 0775531 1 MAGGIE L ALLI;N p II 
58 341814N 0775524 1 ST JAMES AME Cll p T p 
59 34UJ12N 0775510 1 US DEI'T OF AGRI ... I 
60 341920N 0775458 1 US DEPT OF AGRI F u • J-": 
61 :l41839N 0775352 1 RAEFORD TRASK J> u 

75 73 2 T :1!1 Kpl t)l .. ' .. ."2'i 
. 40 1 X 25 7 Kptl-1'ch 

46 1 X 8 Kptl 
54 2 X 36 10 r. 6 :I Kp<l 
45 35 3 X 5 ] (I() (j () 5 

:II~" 31 3 X 35 5 1•1 • 1 • : t j ··~. ' "' tJ 

27 1 T 35 5 TQ 
62 34l!Jl8N 0775303 1 PAULINE CORI~ Jl II 72 2 X 21i 6 K!><l 
6:1 :1-tt !HI 1M 0775208 1 llAF.t"'ORD TIIASK v 1 J 11!1 ., X :IIi J 1 Kp<l 
6-:1 :J41912N 0775153 1 RAEFORD TRASK p 1 64 4 X -10 4 •]1111 Kpt.l 
65 311815N 0775153 1 RAEFORD TRASK p I J 
66 31185GN 0774628 1 E C BRINKLEY p II p 

98 84 6 X 3H 8 . 250 Kpd 
14 36 X 48 11 I 6 :l :I 1'\J 

· • Estimatt•d. 'pH measured in field. 



- ~-- - ---- - - - - - - - - - - -

Tablo 5 ,--Records or wells in New Hanover County, N. c.--Conltnued 

....... ·- ------. -- ·-----------
J. 

0 Cll Cll :z; .. ... 
Woll location "' "' Cll 

Cll ... IS ;., "' 0 u ..<: .... .. 
:r. a Ownor Cll ... "' "' .. J. 0 a , .... :I u "' .... r:l' a u I>G 
Cll Lat long u ~ Cll )1: 

~-_1<_ II) _e .9.'. t--· -

...... QualJ ty .. , ... ...... 
Cll Cll o..-.. CliO or walt:r 
II> Cll .. >r< .... --- --... ........ J. CIIGI Gl Cll a 

U#. Gl "1::141 ..-..o =--.. t.a 
Gl ....... ..<: :::I'H 0 ... I r:: 

Remarks ..<: .<:II> Gill Cll .......... J. •• -o~ 't)CII J. ... ... ...... Q...o ... .... II> Cll- ,....n :<CII CIIJ. .. 

"' "'"-" ....... r:: ... o •" 410 CliO. ...... ....... 
--~-

II> ... ... .... Vl N'+t(/) ... t.a ..~ p _____ p __ 
.I&. ~~ 1-'t ....... ~ -~- .. ' ' - ·-----

67 341902N 0774617 1 USGS F u GJ 
68 341905N 0774618 1 J C WELLS p H c 

74 72 1 T 48 Tch ohs. \ICit, Au,~t r rr.1 
70 60 1 X 50 ~(i 5 r.• I r. 1 Tch Tem(l. M"f. 

69 341913N 0774615 1 J F SWAN SR p 11 
70 341911N 0774611 1 J F SWAN Jll p II c 

100 2 X 50 ~~~ 8 I r. :s Tch 
172 130 2 X 4G 6 r;' I G Kp•l 

71 341816N 0774458 1 HALPII MOOIIf. p II 30 22 2 X 24 I 1 1 r, Tch 1<-nr. r.6"1'. 
72 341819N 0774450 1 HARRY L SMITJI p II 20 lR 1 T 20 !I 0 2 5 :c 'N Cl 22~!.1 a1 ( J. 

73 341754N 0774440 1 MR ORNESDY I> II JD 165 159 2 X 18 !I :c 7 K!Hl 
74 34J75:JN 0774441 1 II G JOIINS'fON p II J> 60 2 X I 7 1 7 1·ch 
75 341747N 0774444 1 ~: E CASTI':I·:N p II )I 47 27 2 X 1"1 I 7 5 7 Tch 
7G 34174:1N 0774611 1 ron-nAvis nmm N 'J' J> IHI 1:11 (i X 2fl lCI ... ,:,o 7' ., Kp I 
77 341738N 0774634 1 JOliN F MUIIIIAY p II J.> 1 X 2:1 12 7 I Tc:1 
78 341755N 077.4628 1 C 1:: RlVENDAilK J> I J> 75 6 X 17 ., f•lt 2 1'1'h 

79 341820N 0774646 1 C E RIVI·:NOARK ·P. ~ J (;0 38 2 X -10 1~ T~·h 

80 34ll:IOON 0774714 1 R o on•:w Jll p 11 5f• 2 X 42 21 5 :I Tch 
81 341741N 0774655 1 If J li'JI.SON p II J> 21 1 !I 1 1' 2-1 1 r. 7 =~ 1'~ 

82 341731N 0774704 1 If J WILSON p I H1 :12 r. X ~!I 111 :! i' ~I :~:, r; :c 1'<:lo 
l:I:J 3417J8N 0774752 1 A J. SOU'J'IIEIII.ANO p It 5G 52 1 X :JG I'' 5 :c 1'l'lo 
81 341722N 0774803 1 G P WILSON I' u -11 1 X 37 ~0 1'ch 

85 341746N 0775048 1 JOHN D MURIIAY p H p 
86 341745N 0775123 1 JOHN 0 OLSEN p II c 

123 2 X -12 IG fl :I Kpcl 
120 105 2 X 31 J:l ., 7' I G :s Kt>.l 

87 3417-i1N 0775123 1 USGS •• u c 740 120 4 X :12 Kp<l T••sl .. " 88 341722N 0775223 1 AU;XHNDER WI-: I 01~ p II 109 78 2 X 42 17 5 """ fj!) 341817N 0775414 1 USGS F u (lJ 55 53 1 1' 38 Tch 01-.. II 
90 341'l:J4N 0775406 1 RAHFOIID TIIASK p I J 8:1 G X 31 K)ld 

• Estimated. 'PH moasured in field. 



- - - - - - - - - - - - - - - --
"------------~-·-··--··· 

Table o,--Rccords of wells in New llanovor County, II, C, --Cunt J IIUI!d 

- ·-------. ,. ...... Quality 
0 ... Ill .. , ... .... .. 
~ .. ... ... ... o~ Q>O of water 

0. .. Ill Ql Ill .. ;..-. 
Well location • ... It ;., .. ... ..~ J. Ql Ql ...... n Ill 1.0 

0 u Owner 
.<: .... .. ...... u .. Ql , ... •• .0 ;c..- III"!J l..!; nr,marks :z; R Ill ... .., .., Ql .. ~ .<: ;:I'H (I •• ... <l ., ,. 0 c:: , ,Q .S::CI> CI>C:: Ill ......... '· .. , , . 'tid> <l 0 ......... 

.-i ;:1 Ql .., .. ..... ~-r< .... .... Ql Ql~ ,., H :~ '11 ,, -au .. " ... ... D' R ell llO ll. o. ...... c: ••0 ...... n ... (., rS '• • (J ,, 
I'S Ql <l ... Lat Long 

., 8 VI ~ 0 ., 2; .... .... rlVl rQi .... v, .... '"'· ,. -~ .. :r: ~· r1 n. l;::.O;:I 

"' I~ ::..> a o-1 Q Q "' ...:o-1 ~ '-"" .. J ;... ......... (I •·u :t! ,,~ 

---··---- ----- ------·-· .... - -~--····-. ---·- -- --·-
91 3-11711N 0775-101 1 RAIWOIUl 'l'IIASK " J J !)(I 8 )( 211 :11111 ·I ·t' :! li :s K1•d l'•··p. '·~ .... 
92 :I·IJ72•1N 0775136 1 COIINI",JUS llllOIIt: •• c 21 1!1 J 1' :H I'' '1\l 
o:s :s-1172llN 0775H:.I 1 USGS •• u Q.l J :su 1:!11 I 1' :H II 1<1..J 
91 :1·1172aH 0.775·1-18 1 J C WNG " II 0 55 51 2 :; :I!"• J :s .:..:u .. .,,l 
!l5 3·1175111 0775-lil 1 J L SMI'fll .. II J G2 2 X :14 J:l 'fr :,-t:Jt I 
!)(j :s-1J75SN 0775451) 1 Rt::t:D SMI'l'JI Sll " II p 55 42 2 X :w tl 7' KJ··l 

97 :1-1 J 81f!~ 0775459 1 SlfAR'r SONS INC N u " 367 30!) 8 X :s5 I •::ca !I II Y.pol 1· (/'t .• !:r n" 
~ 98 :l-1181511 0775512 1 A D COX p I ():J 4 X 2H 1:1 ~ ~.11 KJ•·I 
~ 

9!1 :HIB16N 0775516 1 A ll COX .. " 45 ,. :1:1 J.l ··~ ton :1-1175!1~ 0775507 1 0 111.0'1"1' J• II 70 52 2 X :Ill !I Kpl 
1111 :1·11754N 0775512 1 TJ~GA NUilSI-:JIY ,. I flo :sr, 1 X :n IIIII' ,, I !. :11 t:p' 
1U~ :1111!0GN 0775530 1 E M STANI.I·:Y .. " •• G'l 2 X ·~~~ II ·fiflfl 

.,. I ,; ·I Kl' I 

10:1 3·11738N 0775532 1 C II IYA'J"''S Jl u 2!1 27 1 'I' ~=· I'' 'l'l 
101 J-11755N 0775612 1 ROY HltOI!N Jl II 2!i 21 I 'I' ~li ~~~ 'I\' 1'1 ,-. J f'o: I •• ,t. 
]05 341811N 0775630 1 1:: II 'l'JNGA 1' u 28 2n 1 T 2(; 10 'J\~ 

]06 311753N 0775836 1 USGS ,.. u GJ 57 17 2 :-; J.1 'Ill 
107 :t-11700N 0775921 1 USGS F u GJ 50 17 ~ 'I' J 1 ·u 
JOB :J.Jl705N 0775902 1 CAROI.JNA l'OWI'U N r: .. )) 5:1 :t:J 10 0 II 0 ·1/ifl ., :·,' Kpol-1~1 .,, ... (/"1'. 

10!1 3<1t706N 0775849 1 CAIIOl,JNA l'UWI·:n N N 55 10 r. J ., """ T•~ 

Jill 31J701N 0775831 1 U:->GS •• u GJ 57 51 2 'I' liS .,,1 
1JJ 31170GN 0175718 l USGS •• u C G 5G 5:1 2 'J' 2U I ., 0 (I (I Kpl-'1'! 
112 311651N 0775738 t CAROLINA N l'i'lll\ N N u R1 56 II G -11 ,Jo(ll Kp.J-1·~ 
11 :t 31JG12N 0775734 II. CAJIOLINA Nl'l'JIO N N p J G5 :so 8 G :s:s :··, :'1111 II: 1\pd-'1~! 

11·1 :11 J634N 0775732 1 CAJIOLINA Nl'fJIO N N D GO 40 II G 21 2:1 ~lilt I" .. Kp•J-'1\l 

• l::stimatcd. •pH mcasu1·ed in fit!! d • 



-

0 Well location 
:r. 
.... ·-.... .. .. Lat Long ·-···--· 

115 J41631N 0775721 
116 341619N 0775741 
117 341619N 0775727 
118 341609N 0775719 
ll!l 3U605N 0775718 
120 341558N 0775719 

<l' 121 
-.J 122 

341558N 0775713 
341613N 0775609 

123 341623N 0775604 
124 311706N 0775544 
125 31JG4GN 0775524 
126 341644N 0775517 

127 3·1W24N 0775452 
12H :Ht623N 0775455 
12!l :14161GN 0775505 
t:JU :HtG05N 0775523 
1:11 :Ht550N 0775355 
1:!2 :1•11545N 0775339 

133 3·11623N 0775357 
131 311628N 0775357 
135 3·11629N 0775351 
t:Hi 3•11622N 0775332 
1:1'/ '34 tfi49N 0775329 
1:18 34t652N 0775248 

~. ~stlmatcd, 

- -- - - -

Table 5 .--Records of wells in New Hanover County, N. c.--Continued 

... 
0 .. :.; .. 

llo .. • ... "' u s: 
r:l Owner "' .... .. ... 0 
:J .. 
c:f r:l .. • a :'!J II) ----------· - -
1 CAROLINA NITRO N N 
1 JOHNNY MALPASS p II 
1 SlfiFT AGRI em:~ N N 
1 ROBERTSON CIIEM N II 
1 ROBERTSON CIIF.M N u 
1 HORTON IRON NET N II 

1 HORTON IRON MET N N 
1 GROVER SCOTT p II 
1 FREI> TOWNSF.ND p II 
1 W F INGOLD ,, u 
.1 EOOAR MCKOY p II 
1 M K MAJ,PASS I• II 

1 NEW HAN AJIIPORT M u 
1 NEW HAN A IIU'OitT M p 
1 NEW HAN AIIII'UII'f M p 
1 PILOT FRG'f INC N c 
1 ADC DIS CO!.IPLJ;X t> J> 
1 ADC OJ S COMt>l.I-:X •• p 

1 S H FEENS'I'ItA p H 
1 S H FEENS'fiiA p I 
1 S H FEENSTRA p I 
1 FilED A JOitDAN p u 
1 OOROTIIY I>EOPLHS J> " 1 J N CORBI~TT p u 

'pH measured in field. 

" ... 
"' ;.,. .. .... .. .. .. 
r:l , .. 

too .. .s 0' -- _:.~. 

CD 
p 

c 

D 

·i~ DJ 

c 

p 
c 

J 

p 

..... .. .. .. .... ...... 
s: .. 

, .. 
"' ....... 
u .. 

II 
.1:111 ...... 

~ 1
--

a. g.._ 
Q 

7 
2 
5 
2 
4 
2 

4 
6 
6 
2 
7 
7 

2 
5 
5 
1 
7 
0 

0 
0 
0 
0 
5 
8 

8' !f 
5 
2 
5 

10 
]0 
7 

9 

2 

6 

0 
3 ·11' 

2 
2 
3 

5 
2 
(j 

47 
23 
35 
18 

15 

42 
42 
18 
72 
70 

65 
93 
51 

74 

17 

23 
20 
34 

8 
1 
8 
2 
4 
2 

4 
2 
2 
1 
2 
2 

8 
6 
8 
2 
8 
8 

1 
8 
4 
1 
1 
1 

·- ---·-
.... ...... Quality 
o-- 110 of water .. > .... 
Gill .. .. r:l "' , .. .... .o i<~ 

.,, 
:J'H a ... .. r:: ........ ..... ,~. '011> c: 0 ... .. .. ~ r-tf! j<QI ll 't.IU .-o .. .. o .. u. ., .. 0 ... 
r11/) 1'4 .... 11) .... t.n 

··~ '• X,..... r4 n. 
<..:I $. .....,....l >-~ t:l u.u ;L:II) 

G 21 23 !Ill 20 
T 12 5 5 1 1 
G 6 •J(Ifl 

T 4 ~,. J 
X 5 :I 5 J 1 0 
T 6 

X 5 2 • !Jt' k •1 2 
X 14 
X 21 17 •1hll I; t;' 1 •1 :1 
T 25 !) 

X • f,(, 
X 28 12 >0\0tl 

X 2!1 15 
X 15 :n t !I 
X 1'1 3011 H 
X 25 12 
X 8 425 t:l 
X 1 41~. li f• 2 5 3 

T 21 5 (; 1 () 1 
X 20 0 f• 7' I G :1 
X 2 
T 21 6 !o 2 
T 24 4 7 2 
T 40 9 

-

too 

~~ 
II ..... .. ., ... .. .. r:: 
jS:.IJ;l 

-· ·-·· ----·-
Kp<l 
T~ 
KpJ 
T'~ 

Kpd 
1'~ 

KpJ 
Kp<l 
K!>•J 
'Ill 
1\p:J 
Kp<J 

Kp.1 
Kp;I 
Kpcl 
Kp<l ? 
Kpu 
Kpj 

~ 
Kp:l 
Kpu 
T~ 
'Ill 
~ 

- - -

Remarks 

·-----· 

tp11rtcd hI th Fe 

Sped I lc c.Jp. 34 l:~;.c/(1. 

12" In ~x6 orifice 
13" In 5x6 oo !flee 



- - - - - - - - - - - - - - - - - -

Tablo 5 .--Records ot wolls in Now Jlanovcr County, N. c.--Continued 

---· ---· . - ·-· - ·--- --- -... ~ 

0 .. Ill ... '1::1 ,.. ... .... .. .. 
Woll location Po .. Ill .. Ill . .. .... .. ;., " ... .. ..... ... 

0 u Own or .a ... .. ..... u .. .. ,.. 13 Ill .. .. .. .. ~-;; .. ... 0 13 '1::1 .a .QQI ... =' .. .. .. ..... ~ ... ... D' 13 .. I>G c. 0.'-' j'-' .. 
Lat Long_ 

41 ~ Ill ~ 3 .. 8 ~ Ill :;:3 a c c -- --- --- ----·· .... 

... ..... 
0" QIO .. :. .... .... .. .. .., .. .... .o 

.t: :::1 ... 
Ill .. OJ ,, .. -u~ .... .... .... ~ ..-tr! r:: .. c tJ C1l C1 <11 n, .... .-fill N"" VJ ... tJJ 

"' <...l lc-~ ;.. ...... 

Quality 
of watc 

Ill 
~ Ill .... .. .. <: .. r:: 'U 
... 0 .. ........ :I: ..... <'I ... ~u:.: 

r 

'U 
I>G 

Remarks t: L!! 
0 ........ u .-!'1-n 
~ <'I .. r:: 

V) 
!1:.0;:1 

---·-··~-- -------
139 311649N 0775249 1 f: ),; LEWIS p 11 c 121 90 2 X 41 5 • J:JO 3 7 0 5 3 Kpd lt:fl'lp. H"F. 
140 341641N 0775240 1 G W Sllf:ARON p II J> 115 110 2 
141 341626N 0775241 1 !JARRELLS DI.I>G N I J 87 6 

X 
X 2!1 :t 

5 0 5 
6 7'0 5 

J Kpd 
Tct.-H;::<! ? lt• ..• ,,. t$"r. 

142 341635N 0775147 1 H~:RBEI!T tU:W'J'ON p II 2 X 31! )!I 5 A o 5 1 Kptl ? 
143 341629N 0775139 1 RAYMOND MCKOY p II p 20 17 J 1' <lf> 5 1Q 
14-1 341610N 0775045 1 1:: •• J>JIJ DGJ::N p p D 1<16 92 2 X <11 21 5 0 5 I Kpd 

145 341608N 0774923 1 NI\GitO CIJUIICII J> T J 87 4 X -IG r; Tela 
]'!(j 341616N 0774907 1 J If COVJL p c p 75 2 X Jfl 4 liO 6 I fi 'I 'l'ch lli;.!1 rc 
H7 341613N 0774857 1 CIIIIJSTIAN CH )I 1' c (i5 5(1 2 X <15 I:~ 7' Tc:h 1c.·· p f.~· .... 
t-1H :l1JG-16N 0774858 1 •·nANK I'AitKI-:11 ,, II J 1 r~!• (ill :.! X 17 'l'eh- KJ1d 
J •I!J 3116-IGN 0771842 1 DAYSIIOIIJ: •:s'J' N u J (ill 2 X <11 !I Tell 
150 3416J9N 0774830 1 l:: K CAII'l'J-:11 JR p II p 1 :JI " (I •I 2 

1 r.t 341G3o1N 0774758 1 M L IJONJ·:YCU'J"f ,. II (l fl(l -10 2 X J li 1'' Tdt 
I 5~ 34J61JN 0774750 1 M P IIA JNI·:S J> H G !10 2 X 2U t:r • :ro 5 I 5 :J 'l'c:h 
15:1 341637N 0774747 1 o P nrmm:n·t· p II 50 41 2 X 15 • :~II 'fch 
151 3HG54N 0774739 1 1.1 MAIISIIJJURN p II c 150 110 2 
155 341648N 0774642 l 11 J ltODJN.SCJN p II (' 6(1 55 1 

X 2:1 
X 10 

7' 
:.! 7' 2 5 

Kpd T~o:m. t~>"r., mLic~ 11
2
s 

:J Tch ll'fl1llo 66"F. 
156 341723N 0774503 1 C M DAVIS ·J1' .II p 85 X 0 :J -1 .I Tch 

157 341712N 0774510 1 M II m:J.L p H p 120 2 X 0 8 2 5 Tch 
15H 341659N 0774522- 1 G A RYALS p II 1fiU 12G 2 X 20 1 r, • f>ll 5 2 6 -1 KpJ 
159 341651N 0774525 1 J N MCCAIITNJ·:Y p H )> 42 40 1 X 0 I! !\ 7 Tch 
JGO 341652N 07"/4526 1 G o l'Ammn I' H c 11!0 127 2 X 20 lfl 7' Kpd Tt·r·'l'· 66"r. 
161 J41631N 0774548 1 CAMJ.:RON - 1'11ASK p II p :u; 1 T 1 J 5 J N 
162 341629N 0774552 1 CAROLINA POIYJm N II p 70 2 X 0 ) " J. Tch ., 

* Estimated. 1 pll M'!asurcd in field. 



- - - - - - - - - - -

Table ~ .--Records of wells in New Hanover County, N. c.--Continued 

. ... r-r-· ..... 
~ II " .. , ~ ... .... II II 0 .... 

0. " Ill II Ill ... 
Well location II .... Ill >. " ~ <4 ..... ... 1111 

0 u .cl o-f ... ..... u .. II '011 z a Owner " ~ <4 " II ~~ .t: :;l'H 
II ... 0 a , .cl .II II Ill ....... 

o-f ::I II <4 ... ....... ~.: .... .... 
o-f 1:1' 

~ 
II 1111 0. a. ..... .:: ... Cl 

II Long 
II ., II: .9 II 2: __ .... .... ~!3 II: Lat 112 ::::» a Cl IE_ "" -·~ 

163 341613N 0774628 1 J N CORBEIT p u J 65 2 X 5 
164 341613N 0774624 1 P R MASON p if p 42 1 X 8 
165 341539N 0774700 1 ROBERT JAMES p H 60 2 X 2:1 
166 341530N 0774653 1 !<;EORGE HUI.U&IIT p H 48 42 2 X- 27 
167 341525N 0774643 1 DR HK TJIOMI'SON p II c 165 3 X 
168 341515N 0774653 1 L N ~I ERR ll.L p A p 186 124 4 X 6 

Quality 
of water 

Ill 1111 !II , 
II c 1.!; Remarks , ..... c: 8 1114 ... .-til ~f. '0 

liP, 14 ...or ... 
-.ib/) s.;.:: ... "' D. CIIIIC 

___ ?!.~-- ... n. ~= fll 
;£..0:;l 

Tch R~I•Ort~d braclclsh 
9 •20 2 4 7 5 Tch H S odor 

17 15 5 7 0 4 2 Tch T~mp. 67"F. 
27 Tch 
30 Kpd 

8 2fi() 2 7 2 6 Kpd 1.1 pp:n 1125 

16!1 341512N 077473~ 1 Oil li'C VONGLAIIN p II D 83 64 4 X 21 16 • •Ill r. (l :I Tch 
170 3-11557N 0774837 1 OODJ::N SCIIOOI· c p D 9:1 68 6 X :11 12 2!,CI 1 (l :I Tch 
171 :141527N 0774910 1 If E COVIL p I 204 6 X 1!1 
172 341535N 0774941 1 E B TOlfLES p p 16:1 81 4 X •:J!J 
173 341537N 0774944 1 ~ B TOWLRS p p J 157 61 ~ 2 X 41 
171 :J1154!lN 0774949 1 J D Jlt;NEGAR SR p II Hi2 !15 2 X -16 

2 1110 2 (l 1 1'<·h-Kpd II S odor 
19 Tch-Kpd 2 

Tch-Kpd 
·I 6 4 Kp<l ? 

175 341531N 0771958 1 NC JIWY PATROL s lt.S.U JAO 8G 6 X 
176 341515N 0775040 1 CHAIILES lfJ;LLS )> II G 153 6:1 2 X -11 
177 341426N 0775115 1 RICIIAIII> NAPIER p II c 160 130 4 X -17 
178 341454N 0775128 1 COJ.L V II~W TRU! p I' c 62 2 X 
179 341157N 0775114 1 JOHN TAYI..OII fJ II J> 1 :Ill 60 2 X :111 
180 341457N 0775144 2 JOliN TAYLOI! , p u p 30 21 1 .,. 38 

:to 1 ti~J ~. 7 6 1 Tch-Kpd 
17 •?o s u 5 3 Tch-Kpd TemJ>. 67"F. 

7 KpJ 1't"r•p. 68"F. 
8 r.o' " 7 5 :I Tch lt"~•P· t.s•r. 
7 !. 2 1 Tch-Kp,l 
6 !. 2 1 TQ 

181 341508N 0775213 1 COIINING GLASS N u OJ 1-10 8 G 27 
182 341522N 0775218 1 liOME REALITY · N c p 25 21 2 T 31 

7 250 lin r. 1:1 2 6 3 Kpd temp. M> •r., n
2
s odor 

8 :I 0 2 1 ~ 
183 3-11446N 0775220 ·1 B W PARSONS p p 25 21 2 T !) TQ 
184 341444N 0775241 1 W K RIIODES p H D 96 53 X 8 10 Ill Tch-Kpd 
185 311526N 0775304 1 J D DILL p H p 80 2 X 
186 3•11551N 0775311 1 Ill L BLAKE p II p D 8'/ 7!f 4 X 17 

0 8 2 4 3 Kp•.l T£mp. 6S"r. 
6 •JOO :I 1 5 3 Kpd ? 

• Estimated. 1PH ~~asurcd in field. 



- - - - - -

Well location 

~ 
r-1 
r-1 
CD Lat Long 

II< 

187 341525N 0775315 
188 341526N 0775325 
189 341519N 0775328 
190 341438N 0775321 
191 341432N 0775313 
192 341431N 0775320 

19:1 341405N 0775426 
1!)1 341402N 0775434 
195 34H05N 0775435 
196 3414:JON 0775448 
.1!)7 34l411N 0775512 
198 341441N 0775511 

199 :H1438N 0775515 
2011 3•11517N 0775544 
201 311507N 0775621 
202 311530N 0775651 
20:1 341512N 0775653 
20•1 :141437N 0775636 

205 341117N 0775616 
206 :141413N 0775GIA 
207 :J11407N 0775641 
20!1 ;IH407N 0175G41 
20U 341107N 0775611 
210 :l11430N 0775655 

• l·:stimatcd. 

- - - - - - - - - - - --

Table 5 .--Records ot wolls in Now llanovor County, H. c.--Continued 

~ 
D 
u Owner r:2 
II 
:1 
D" 
II 
Ill 

1 ALLENDAU: VEV 
1 E C AKERS 
1 H C JOHNSTON 
1 LEON SULLIVAN 
1 SANDRE - BASS 
1 BECKERS BLVS 

1 D L SN~;~;m;N 

1 JOS }'IIIWUI.AND 
1 B W NEIYKJJIK 
1 UNA J I SR SYii/1 G 
'1 RUilOI.Pll KONIG 
1 J FIIEI.I MUIIIIAY 

1 
1 
1 
1 
1 
1 

1 
1 
1 
2 
3 
1 

R J. DAVIS 
SOU1'11JWN OOX 
UOYJ.I~ ICE CO 
HII.1UN I'AIIK 
HIJ.TON PAitY. 

co 
co 
Ct INOIWHNDI. 'I' J 

COCA COLA UO'I ,. 
WAIIIJS FUNJ·:RAJ, 
l't:OJ>U;s SAVIN 
11EOJ>U;s SA V IN 
1'1·:011l.ES SAVIN 

GS 
GS 
GS 
I WILM COI.D STOI 

1), ... 
,1:; 

"' J4 
CJl 
r:2 s 
p 
p 
p 
p 
p 
N 

Jl 
J> 
p 
p 
p 
I' 

" N 
N 
ll 
N 
N 

N 
N 
N 
N 
N 
H 

'pll n1easurcd J n Ut!ld. 

·-· -- -~·-

J4 
II "' .. ... 
"' "' ,. :... "' 'J .. ... "' 0 r:2 

"' 
"CC 

II bO 

"' ~ .s t3 a ·--. 
u 
II 
H 
p 
Jl 
c c 

s 
A D 
Jl IJ 
A )) 

Jl v 
I 1.1 

l G 
N p 
c 
u p G 

v ·~ u ~ 

c Jl 
u J 
A 
A " A c " c J 

___ _. 

...... .. 'tJ 
CJl CJl 
CJl "' ... ...... .. 

u .. CJl 
CJl .. 

.Q .C:CJl CJl .. ..... :J 1), p,..., 
CJl ~ ... 

Q Q --· ··-·-·· ·-··--· 
29 1 
70 43 2 
92 2 

12!) 42 3 
151 57 2 
150 105 2 

130 35 2 
8!) 72 4 
87 40 
!1·1 15 
75 27 4 
!17 75 1 

9U 34 2 
llr> 6 
65 8 

13:10 6 
80 lO 

120 75 12 

11111 4 
82 4 
Ali G 

12:~ lllfl 8 
J:l:l 110 li 
Hl•l 10 

·--- ·- --·· .... -----
Quality ... ....... 

o-. CliO or wa tt!r .. >r-t 
41 CJl IICJl ~ 'tJCJl r-1.0 bO Remarks .Q ;:I'H 0 I <: 

"' ....... ~. .. "CC..., 'tJ ~. ... ... ... CllCJl~ .-<11 ,. "'" .. <: .. 0 .. CJlC'J CJlO. "' . ........ ... ~!:'3 :~~ ·rl t.4 I• <':ICJlC:: 
.... :.- ..... n ::.o::t 

-·-··----··--- . -
T 21 11 ,.~ 

X ]5 K(l•l rtn ... s 
X 211 15 Kp•l 
X :Jfi J(j I no' Teh-Kpd 
X 40 22 'fdt-Kp<l 
X 42 •-to ~. 'I' I r, 'I 1\p•l 'lt·tnp. r.7···. 
X :JG tO Tch-Kp:J 
X 12 •100 Tch-Kp•J 
X 1 !I 4(;(1 'l't·h-Kpd 
X :J5 !I IIIII 1•1 l'~Ch-KpLI 

X li ;, l'(' It- Kp I 
X 211 25 • I ItO ~. ~) :I 1\prl 

X 21i 24 'f('lt-Jipd 
X 21 20 111ft 2 r. Kwl 
X (jftO 2 Kp•J 
X 9 at~HI ~. II r. II Kp•l 'I 1l..':i1p. 70"f' .• Rr 31 pJ•rt 
X 10 (j -11111 lipol 
X :c~!; li 2 li ""'' 
X H 1!1 4/HI 2 ~) :I 1\J• I 
X 5:1 Tt:lt-Y.ptl 
X :IIi :II 11111 1'' Kpd •·r· lt;H·f t•r· i ,., rt'l <I. 
fl :IIi -1-1 ~·h :! II ., ·1 :I Kp•l 
G J(i 41 !I'/ ,:, I Kp.J 
X 21 21i KpLI 



- - - - - - - - - -. ·----:-:--~ 

Tablo 5 .--Records ot wolla in Now llanovur County, N. c.--ContJnuod 

- ·- -··--·- -- - ··-··· . ... ...... 
~ .. Ill .. '0 .. ... Ql Ql 

Well location 
D. - Ill Ql Ill . • 'Oi 

"' 
>. - ... ........ 

0 s Own or .d .... .. ...... u+> :z; Ill ... - .. Ql .. ... 0 1:1 , .d ,dQI 
r4 f .. .. .. ..... .... R 

., l>jl D. o, ..... 
Ql Lat Long Ill II: .3 Cll Ql 

II: "" p 0' Ci Ci 

... .... ,. Quality 
0'"" 4>0 gf .. _~at.or .. >.-< ... ..... CIICII ~~ l>jl 

Ql 'OCII r-i..O L ~ Remarks .. ...... .d ;J'H 00' 
cue Ill ........ ...... -o-.. '0<!> .... " .. ~;;! ... 'Oi Cll Cll ,...n ~(.I .. I'd ... 

fl +'c:l .... c:l QIP, I'd ... I'd Cll c .... ... :;1:3 :::!:3 ...tU) ... $.C:J c:l Ia, >-~ n -----
211 341412N 077S702 1 WACIIOVIA DANK N u 80 
212 341409N 0775738 1 USGS •• u PG 93 91 
213 341403N 0775818 1 TERMINAL CITY N c 63 

6 X 3 Kpd est \ICII 

1 T 4 5 7 :s 6 Kp•l tiY,I'I t,uJc D40 
3 s 4 8 •o Kprl 

214 341407N 0775609 1 ROSE ICE CO N c 96 
215 341407N 0775605 1 NEW HAN HIGH SC c p D 122 50 

6 X 1'ch-Kpd ., rt·1•t. 62 p~r.t ln 1942 
6 X 18 ](15 Kptl 

216 341349N 0775637 1 5TH AVE DAPT CH p T D 90 58 6 X 45 18 • =•:-.. Kp•l 

217 341331N 0775646 1 BRIGADE DOYS CJ, p T J 115 40 4 X 47 ~2 Kp<.l 
218 3-11330N 0775522 1 PEPS I CQJ,A DO'IT N c D 75 .u 
219 341324N 0775521 1 lfiJITEBROOK FAmt N c 
220 341314N 0775442 1 ALBERT PERRY p I p 163 58 
221 341327N 0775434 1 L,D FINOERG p I 13G 
222 341306N 0775356 1 R A YOPJ> p II G 135 100 

8 X 37 J 1 2:!11 !!O ~. () !'"t 3 Tch-Y.ptl 
8 X 38 1511 Tch-Kpd '·l.J•l. C1 ~2 H•·, liard. 210 
3 X 35 •au ~j (I 5 3 Tch-Kp<.l 
4 X •JU(I Tch-Kpj 
4 X 40 2 Kpr.l 

223 341329N 0775341 1 J D PRIDGEN p II . ·• 25 21 1 T 28 7 •w 1Q 
224 3H302N 0775352 1 D B JOIIN!:iON p II p G 1-:1(1 50 2 X :sA 9 +.Jo ·I r. 3 1'ch-l:prl 
225 3-112-13N 0775331 1 If S AltTIIUitS p II 911 511 2 X 42 1!1 1'ch 
226 3-11337N 0775312 1 L J MJH'I"l ,. II II ].1(1 fl(l 4 X Jll 2H Hi!• !• (j :s Kptl 
227 341416N 0775206 1 W D r.JCKf:E p II J 1:15 GO 
228 341337N 0775239 1 WILM COLLEGI-.: s A J> D 165 80 

2 X 41 Tch-Kpd 
10 G 12 :\<In !!II ~! H :! 6 3 1'ch-Kpd ·,., •. p. (,l,•f. 

229 341330N 0775236 1 WIU.I COLLEGE s u J 84 4 X 42 Trh 
230 341336N 0775232 1 lULU COLLF:GE s A p D 180 80 
231 341303N 0775236 1 M J PllmCE p II p D 170 80 
232 ,341255N 0775231 1 MilS EAilL DIGGS ,, II :H' 31 
233 :1412:.l'IN 0775252 1 ANOY ~IASON p II G H.t!l 76 
234 341233N 0775231 1 E R WILSON p H D 163 82 

10 G 7 :sr.o [)() l'ch-Kpd 
2 X 42 +Go -1 II 5 3 Tch-Kpd 
1 T 40 1:1 4 1 1 1 1'Q 
2 X •42 Tch-Kpd 
4 X 41 30 3 1 5 3 Kpd 

• Estimated. 



- - - - - - - - - - - - - - - - - -
1.------------··-····--- ······ 

• Table & .--Records of wells in New Jlanovcr County, N, c,--ContJnucd 

. Well location 
0 

:<; 
,... ,... 
II Lat Long ,. 

235 341236N 0775216 
236 3-11253N 0775211 
237 3'11250N 0775203 
238 341251N 0775158 
239 341244N 0775150 
240 341253N 0775148 

211 :J41259N 0775139 
212 3<11258N 07751:111 
2-t:l :t-11?.57N 0775127 
214 :J-tl:J21N 0775050 
245 :J-11211flN 0775029 
2-11; :J·11:Jl4N 0774956 

2-17 :141240N 0774958 
2111 341246N 0774917 
2-19 31l:JlfiN 0774906 
250 341316N 0774902 
251 341313N 0774859 
252 341308N 0774856 

253 3.U248N 0774813 
2511 3111253N 0774753 
255 3lll:J03N 07711717 
25!\ 3412~>:JN 07711730 
257 31112:l!JU 0774736 
258 341!~27N 0774749 

• Estir••atcd, 

-. 
~ 
II 

.nor u Ow d 
II :s 
f1' 
0 
II) 

1 RUSSI::I.L KEY 
KL"Y 
RODIN SON 
NE'IT 

1 EVA BEll 
1 LESTEI! 
1 D W m:N 
1 CAPE n: All IIOSP 

.I:: I! 1 8 L FOWl 

1 LA DAR NF.S 
1 R I> IIAI!I 11·:1.1. 
1 E C 0111!1 ·:1.1. 

NG'fON 
.ASS 

1 J p );1.).1 
1 A D 1'0111 
1 J J VEN 

1 DIIAV CK 
1 II'SII lJJ:A 

NING 

MAll INA 
NE 

1 EARl. Mil .um 
IOSPI'I'AI, 
lOS PITA!. 

Y MOTEl, 

1 DADIJ;s I 
1 BADIJ;S I 
1 WATERitA 

1 ITRIGIITS 
1 

VJI.LH "'' 
mnsoN JOliN ANI 

1 
1 
1 
1 

WRIGII1'S 
Will GilTS 
WRIGIJTS 
WRIGHTS 

V 1 LLI~ Ill·: 
Vli.U llE 
v u.u: Ill~ 
VILLI:: Dl:: 

c. ... 
.Q 

r: 
II 
d 

~ 
p 
Jl .. 
I' 
I' 
p 

,, ,. 
J> 
J> 
I• ,. 
N ,. ,. 
J> 
I• 
)I 

M ,, 
M 
M 
M 
M 

'pH measured in field. 

"" 
., ···-

Ill .. 'tl 
ori II Ql 
Ill II Ill z,.. .. ... ........ ... ,... .. "" ... .. .. u .. II 

II .. 
0 ~ '0 .1:1 .. 
II bD c. 
Ill IE: .s II 
::> CY Q 

.n Go Gla ...... ~ ... c, ..... 
Ql ... 
Q Q -. ·~- ~·-· .. 

II v Jo17 71 4 
II tr.o 7H 2 
II 87 7!1 4 
II G 1G5 8Ci 2 
T J 1M 6 
Jl Hll 70 2 

II 150 (i(l 2 
II G ] fl!) M 2 
II J 1 :1!1 Gll 2 
II " I• 11~· (ill :! 
II HiO ft!l 2 
II 1'/11 J:•o 2 

c 17H or, fl 
II 1 'lfl 71 1 
II c 100 fH 2 
·r J) 1:w 72 6 
'I' v 1117 G2 G 
c ... j) 172 G 

p c 182 140 8 
u GJ tli!l 12H 2 
J> c 1'/!1 l!i:l 10 
I' c J7fi 11ll ]() 

p c Hl:l J[>li 8 
Jl c HIO 

... - ·-----···- -·-- . . ~· -·-
... rilt Quality 
0"' II 0 or water .. >r-t 
IIQI Ql II bD 'UQI ri.O I a R•~marks .1:1 , ... ...... 

Ill ........ ... .. 'tl~ Ql ..... ... ... Gill'"' r-tf1 .. ..... 
l:l .. Q .. 111:1 a• r~t "' 11 a ... ~!3 I'II'HV> ·r1 l6 l!=.O:J 

"' •=...., ,..J ;.. ..... . ·-·- ·-. ··- ~· ~-~-· 

X •:.r .. lr> :I II !• :I Kpd 
X :w JH Tc:h-Kpd 
X R • :rr • Tch 
X •:12 Hi lf()fl :I II .. 21 Kpcl 
X :.11 :~ ~ !i :1 Tch-Kpd 
X :1-1 11 1'clo-KJ•d 

X :to (\ • ·111 II !t :I 'l't:h-KJ"I 
X :w -,!, .. I ~· :I 'l'do-l;pd Cl" ~. ,,,.,, 
X 2~j Tdo .. •:pd 
X II (i II '!' :! ~I ·1 'l'ch-1:1'<1 .,, ·:· (.•,"', . I In,;! I~ 1 .• 
X 1 !• 1 r. 'I' <'It- Kpll 
X 2·1 Ill .. u' :! ~. I Kp<l 

X :!I 17 ~ .. ,' Tl'lo-lipcl , .. , .. Jl•·l: 
X 17 'l'dt-KJHI 
X J5 !I 

.,. 
'l'c·h 

X H .·!·•• 'I'd I 
X H fi!tfl 'l'c:h 
X tO Tch-lipd 

:1 111 :!1111 Kpd 
X r. l!i fif) I!• .. 2 :; 1 I< pel 

II 111 1 ~.o Kp<l 
]() 1 ~.o Kp<l ""'· y ~t·ld. ,f :\"•IJ r; 
10 Hll Kp<l 'IC'!.ttd ·'' I, '!II !'.!''II il.lf 10 hr•. 

6 ~·r, 1'1~· Kpd 

\ 
•.\ 



-

------

~ 
r-1 
r-1 
Gl 
If:-

2 
2 
2 
2 
2 
2 

59 
GO 
61 
62 
63 
G·l 

65 2 
2 
2 
2 
2 
2 

Gil 

2 
2 
2 
2 
2 
2 

67 
Gil 
!iU 
70 

71 
72 
7:1 
"14 
75 
76 

77 
70 
79 

2 
2 
2 
2 
'2 
.r:o 
81 

2 82 

Well location 

Lat Long 

341207N 0774804 
3411-18N 0774813 
341140N 0774820 
341118N 0774837 
341135N 0775024 
34121GN 0775046 

341216N 0775046 
341209N 0775114 
341209N 0775114 
341139N 07'15114 
341222N 0775134 
341217N 0775136 

341215N 07751'14 
3412U1N 0"175146 
341215U 0775149 
341221N 0'175157 
341202N 0775151 
341135N 0775202 

341200N 0775227 
341202N 0775:109 
341223N 0775403 
341227N 0775-108 
341231N 0775412 
341245N 077541:! 

- - - - - - - - -.. -... ....... ---·- ........... -·-· 

Table 5 ,--Records of wells in New Hanover County, N, c.--Continued 

. 
~ 
u 
u 
Cl Owner 
II 

& ., 
II) 

1 If E BF. 
1 If I Em: 
1 If ~ m: 
1 " 

RIGIITSVIJ.L 
IJGIITSVIU. 

R IGIITSV I LJ. 
R I GHTSV I I.J, 1': B~ 

1 '· 1 u 

2 u 
1 M 
2 M 
1 1>1 
1 A 
1 J 

1 IY 
1 If 
1 A 
1 v 

M 11ALLAC~: 
ll CARIIOJ.L 

R CARIIOJ.J, 
•: ROGJ·:us 
Jo: IIOGEIIS 

I IY A PJIJJ, 
II IIAIIUJ:J.I. 
o •·~·1·m1' 

II llJV.:NIIA 
S SI.A'J'I:It 
f.l l'OSTI:ll 
K PAJN'J'I-:11 

I.JPJ 

UK 

1 II 
1 II 

0111\11'1' Mr-:A IX 
AY IIOLLANI> 

)lfS 

1 w 
1 J 
1 G 
1 If 
1 R 

<.!lANEY 
ACK llOGEIIS 
ILnJmT 11AII 
11 ELMOI!E 
P DIIOIVN 

IUSII 

1 w Jo' ANIJERSO N 

D. .... 
.tl 

~ 
u 

R 
M 
M 
M 
M 
p 
p 

I' 
p 
p 

" ,, 
J> 

·p 
p 
Jl 
p 
Jl 
p 

p 
p 
p 
p 
p 
p 

'pH measured in field. 

~ .. 
Ill .. .. 
0 ., 
Ill ;::::, 

p 
p 
u 
p 
II 
II 

u 
II 
u 
s 
II 
II 

• II 
II 
II 
JJ 
II 
II 

Jl 
II 
II 
II 
II 
II 

Ill .... 
Ill ;., Ill 

r-1 .. 
Ill .... 
Cl '1:1 
Ill 

bO .. .s a -
c 
c 
" a.,; c 

J 
C G 

p 

J 

p 

J 
p G 

G 
c 

-

18 
17 
41 
17 
16 

7 

2 
15 

0 
8 
2 
4 
5 
0 

9 
0 

i4 
11 
10 
10 

0 
0 
0 

JO ]( 

1'1 
10 
1: 

() 

u 
11 
8 

17 

J4 
16 
15 
15 
14 
14 

5 
7 

!I 
2 
0 
0 
0 
0 

'1:1 
u 
Ill .. ...... 
u .. ., 
All ..... 
a. ..... ., 
Q 

160 

54 

25 
80 
30 
45 
70 
72 

70 
7U 
7:1 

63 
80 

t:l(l 
81 

110 

100? 

... r-Ill 
0"' GIO .. :..-t ... 

II 

~-; .tl 
Ill 

~,: 
.... 
Cl ... .... 

Q "' 

Gl II IIIII bO '1:1111 r-<.0 
';1 ... I c ........ ..... 'tl'- ....... ... Ill Ill~ r-tf! GIS.. .. 
.. Q "'Git:l 111 n. ..<G ... 

:!:3 rS .. t fiJ ..... M <GGICI 
;.: ...... ...J :-. ..... ;.:..0:1 

-- -- ·---
8 6 17r> Kp·J 

10 :w 175 :!:I Kp•l 
X 5 Kp•J 

10 8 :s2 1M! !10 Kp<l 
2 X J!l 2•1 1'ch-Kpd 
2 X 25 1'' 5 7' I 5 :s Tch 

1 1' 25 11 r; 2 1 1~ 
2 X 111 ]~ 4 r, :s Td1-J\pJ 
1 T 111 1:1 1\l 
2 X Tc.::• 
2 X Hi Tch 
2 X 111 II Tch 

2 X 2:1 10 TC'h 
2 X 11 2 1'l'll-l\p.l 
2 X 21 1'1'11 
2 X 2r. 'fch-Kp•l 
2 X 15 :s 7' Tch 
2 X 12 .~ 1 7'2 5 1 Tch-Kpd 

2 X 27 ll Kpd 
2 X "" :I 0 5 :1 ·rc:-.-KpJ 
2 X 45 21 Kp•l 
2 X 48 11 Tch-KpJ 
2 X 11 7' Tch-KpJ 
2 X 41 21 Tch-Kpd 

- -

Remarks 

StratI craphlc t~st 

1 L:,:•, 6!>"1". 

rlo\Js 1-6 ~:r:r. 

,..,,. (,~, .... 



- - -

-
. 
~ 
ri 
ri 
Cll 

31: 

2 
2 
2 
2 
2 
2 

83 
84 
1!5 
86 
87 
88 

289 
2 
2 
2 
2 
2 

2 
2 

!10 
91 
92 
93 
94 

95 
96 

297 
2 
2 
3 

98 
99 
00 

301 
302 
303 
3 
3 
3 

04 
05 
06 

- -

well location 

Lat Long 

341238N 0775·152 
341234N 0775502 
341230N 0775450 
341206N 0775457 
:J41238N 0775547 
341220N 0775553 

341220N 0775613 
:J41207N 0775630 
341202N 0775638 
341214N 0775639 
341210N 0775654 
341146N 0775703 

341141N 0775703 
341132N 0775702 
341126N 0775708 
341125N 0775630 
341127N 0775609 
341138N· 0775606 

341120N 0775555 
341112N 0775559 
341058N 0775555 
341134N 0775406 
341139N 0775357 
341124N 0775357 

• Estimated. 

- - - - - - - - - - -

Table 5 .--Records of wells in Ne1v Jlauovur County, N, c.--ronllnuu<l 

~ 
Gl 
u 
1:1 
41 g. 
rl 

"' 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 

DR S V Al.Lt:N 
1f D DEt:RY I II 
liR S'fAl.LIYOilTII 
C R DRINDELL 
GEORG~ LAMICA 
JOliN If DIXON JR 

LEE E liORROIY 
SUNSET PK Mh'1'11 
SUNSET CO 3 
SUNSET CO 4 
BILL CANNON 
IUU.I SIIIPYARD 

IUL&I SHIPYARD 
WILM SHIPYARD 
SI!ELL OIL CO 
WECT TV 
MOFFIT VILLAGE 
L W CARROLL 

P I p 
p I 
I' II 
I' II 
P II C 
P II C 

P H 
I' T () 
N U P 
N U 
p u 
~· C D 

F U P 
F A P 
N C P 
N A 
N P G 

P."' 
NATL YOUTII ASSN P U D 
HANOVER MILLS N N 
H 0 LUDLUN P H 
J R KUTRON P H 
H N DANIELS P II 
FRED CONNER P H 

G 
p 
p 

·P 
1pH measured in field. 

I!J 
t!;~ 

158 
160 
30 

110 

26 
R2 

1•10 
140 

20 
123 

103 
76 

133 
175 
57 

157 
140 
160 
160 
160 

16 

(j(j 
(jf) 

21 
90 

" Cll 
... ~ .<:: 
Clll: Ill 

!l;:! ·~ .. .. 
Q "" 

1 ·r 
6 X 
:1 X 
2 X 
2 .'( 
2 X 

22 1 ·r 
II X 
(j fi 
6 G 

t6 1 ·r 
70 10 G 

Ill 10 G 
36 8 X 
55 4 X 

10 
44 4 X 

79 
76 
60 

60 

6 
8 
2 
2 
4 
3 

l( 
.'( 
l( 
l( 
l( 

.... 
o.-.. ... 
Cll 1!1 
'UCII 
='""' ... .., .... 
... n 
ol<ll 
-~ ~ 

•7 

Ill 
I!J 

2:1 

56 
57 
56 
40 
48 
50 

""' 1!1'11~ .., 111n 
r1'tl'l) 

;:: ......... J 

ll 
20 

21 
:JO 
17 

19 

•rJ - .. 
• • n 
·~ n. 
rt to 
!-•-

I IIIII 
•:.!11 

1:1:! 

Quality 
U I' W•lltH' 

p ~ ., g-;-; IU r: 
·rJ •U C:: 0 
:~ ·:J ,: 'TJ lJ 
f"J'H Q J1 
St~" H :~ ~• N !1 
n .....t u u ~: r/) 

'I ., 2:! 'N 
I< I'• I 
:<r••l 
Tc!o-1\p:l 

~ 7' II ·I 2 Teh 
H' II ·I 2 Kpol 

I !ill I H 

::or1 ·Ill 1 II :1 
• :s~:-, ri ., 'I 2 ·I 

IOfJ' 
1·10 :1'/ 

Kthl 
2 KpJ 

Kpol 
1'dt-Kptl 
rclt-Kptl ? 

1 •> ·I 2 Tch 

• lUll 

•·tO 
too• 

17 II 

5 0 5 3 
n o 6 3 
5 0 6 3 

1'ch-Kptl 
'l'ch-Kp..t 
Tch-Kp..t 
Tch-Kpd 
Tch-Kpd 
Tch-Kpd 

- -

~~ ,, ,.•. :; 

I, •f' o • ~ ' , I II' 

'•·It 1 I 1 ~ 



-

. 
0 :z; 

.-4 

.-4 ., 
• 

3 
3 
3 
3 
3 
3 

07 
08 
09 

3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
:t 

3 
3 
3 
3 
3 
3 

10 
11 
12 

13 
14 
15 
16 
17 
HI 

19 
20 
21 
22 
2:1 
24 

25 
26 
27 
28 
2!1 
30 

• 

- -

Well location 

Lat Lone 

341107N 0775406 
:t41115N 0775340 
311114N 0775334 
3-11113N 0775331 
34111GN 0775316 
341110N 0775318 

341103N 0775318 
311045N 0775142 
34JtO:IN 0775137 
311101N 0775042 
3-11052N 0775036 
:l11042N 0775043 

311040N 0775044 
3110JON 0775051 
3111100N 0775105 
:r<IO!IJI:IN 0775119 
:t411U:I5N 0775134 
3•10950N 0775146 

:t4CJ!I:cm~ 0775155 
:r<ICJ!J:!GN 0775152 
:t4ll!ll•lll 0775212 
:14ll:J~1N 0775235 
:t411!J!JIIN 077523!1 
:J4l018N 0775320 

- - - -- - - - - - - - - -
•iill···ilill'l.,.-•••li1'1i11UIIIP1111il;re .... llll's'Wt-•tlllll._a_'iooo·-..•'"'"""' .,.._....,....,~·-- - ..... ,. ····-·· ··-,--·-~ 

Table 5 ,--Records of wolls in Now Jlanovcr County, N. c.--Continued 

- --·- ---· ·--- ... - .. -.... ·--..------.----------. 
~ ., 
u Ownor '1:1 
II 
::J 
D' 
II 
II) 

1 Ia L KEIFER 
1 S FOIIEST JR 
1 l'f H DANNEil~IA 
1 MARGARt:T JON 
1 J D 11CFAYIIE~ 
1 D If NODLI;s 

1 J 11 GAJTIII::R 
1 PAJt:-;LF;Y F.Sl'A 
1 IIEJ:atAN WAI.TO 
1 (; R UAt.oTT 
1 ·11 V REIJJ 
1 A I) JIUIIS1' 

1 A D IRJJtS'r 
1 JAMI>S FF:IIGEII 

N 
ES 

p I 
p H 
p I 
P H 
p I 
p I 

I 

I 

I 
I 

I p I 
n: J> u 
N P C 

I' I 
I' I 
I> II 

' I 

1 C II MCAI.I,J ST 

,. u 
r• I 

1·:11 I' I 
I' I 1 It I•! JUI.IAII 

1 0 Jl SU1'11t-:IILA 
1 II C FOifL!m 

1 A D J•:NKINS 
1 II II JIOilOIN 
1 M I(MMAIIl' Jrt 
1 \'1 J IIOili>Jo:ll 

Nil 11 I 
I' I 

' I 
I 

I 

I 

P I 
P II 
I' I 
p u 

1 If J HODIIIill 
1 M R SOMJ•:nst:1'· 

I' 
r I' 

'pll '"'. •Ired J 11 liuJ d. 

I 
I I 

'"' Ill .. , ... ., Ill 
g!, .. Ill .. ~ .. .... .... .. ...... u .. .. .. .. 
~ 

, .Q ,., .. .. ..~ 
t>G ll. ll.'-' 

II: 3 2; .. 
.. a. ._.::::._ _e__ 

J 146 
c 150 79 
c 80 70 
p 170 91 

170 84 
J 151 

G 170 8!1 
158 .. 62 

c Hi:r 125 
c n 91 90 
ll 11 . .. 

6Cl 
)' 1115 
I• 1'11 Hr. 
J> 150 Hr, 
1• n 121 IIH 

80 72 

100 70 
I• 110 105 ,. 110 

17::0 
J no 

160 81 

.. 
Ill .. .. 
~ ... e 
2 X 
2 X 
2 X 
2 X 
2 X 
2 X 

2 X 
1 X 
2 X 
I X 
4 X 
1 1' 

: 

2 X 
2 X . 
I X 

2 X 
I X 
2 X 

. . . 
2 X 
2 X 
2 X 
2 
-1 X 
2 X 

:J!J 
50 
50 
50 

*51 
50 

5(1 
211 
]5 

*12 
1?. 
12 

15 
*21 

*IH 

""' GJO 
:. ... .. .. 
.-f.O .... 1:1-. .... ~ P'fll 
..... Cl Gill, 

~-;!~ ... t.n 
__ .J::.:- .. 

14 
21 
JH •11 
27 •Go 
18 

•<to 

2!1 
2:1 

4 •HO 
9 • J (J(J 

10 ]0(1 

11 

1 :1 
•Go 

HI 
:ru 
111 
22 

15 
1 !I 
20 

G 
J4 
1 ., 

Qua Illy 
ol wal"r 

Ill • 
fli'O 
.. r:: 
r:: 0 
'0(.) 

:1 7' II !> :1 
:1 1' 1 r. :r 

r. I r. 1 
2 H' :! ~. ·I 
5 II :! (j ~ 
:I li :I 

2 :? ~. :s 
2 I ,; :t 
:t ,. 

·' :c 
2 !• :t 

Tch .. lipd 
TcJ, .. l(p<J 
Tch 
Tch-Kp<l 
'l'ch-Kp<l 
Tch-Kp<l 

1'ch-Kpd 
Tch-Y.I•d 
TC'h 
Kp<l 
'l'clt 
11! 

N 
1'ch-J{prl 
'l'<!lo-l<pd 
'l't'11-liprl 
1'ch· lipd 
Tch 

ll 

Tch 
~. :r ·rd• 
r. :1 Tl'l· 

'l'dt· l.pd 
'1'!'11-l:prl 
Tclt··Kpd 

Remarks 

hor II ,,J ,,,, 0: .• I w 1: 

11
2
s nrl<>r 

Uhs. \o't·J I 



------- --------------------------~------------ --~---------------... ------- - - - - - - - - --

Tablo 5 .--Records ot well::~ in New llanovcr County, N. C,--ConlJnucd 

. 
~ 
.... .... 
Gl 

"" 
331 
332 
333 
334 
335 
336 

337 
~ 33R 

3:1!1 
340 
311 
3-12 

343 
3-11 
:i-15 
341i 
317 
34R 

3·19 
3~1!1 

3nt 
:152. 
35:1 

. :154 

.. 

1 location 

Lat 

12N 3410 
3410 
3410 
3410 
34103 
3·110 

25N 
37N 
J4N 

6N 
37N 

3410 
3110 
:1·110 
:110!1 
310!1 
340!) 

3409 
:HO!J 
3•10!1 
340!1 
:1·111!1 
340!1 

310!1 
:I·IUtl 
:•·1011 
31011 
:. iflk 

:HUH 

JON 
15N 
06N 
.Ju:: 
:.HJN 
O!JN 

09N 
07N 
05N 
05N 
tl5N 
:.15N 

02N 
•12N 
2!JN 
U2N 
(1~/\ 

UN 

Long 

0775320 
0775520 
0775528 
0775539 
0775607 
0775611 

0775619 
0775654 
0775519 
0775522 
0775533 
0772620 

0775628 
0775110 
0775406 
0775406 
0775106 
077511:1 

0775410 
077&12U 
0'175311 
0'175351 
07'i535J 
07753341 

--·--·-- -·- ... ---· --· .. .. 

~ 
Gl 
u Owner a 
GJ 
::J 
0' 
Gl 
rn 

1 'A L TOilD 
1 If J J,ANGl.EY 
1 ONIETA DAVI s 
1 & J BELLAMY 
1 TENNY ENGJN· •mns 

:J:HS 1 TENNY ENGJNI· 

1 USGS 
1 STACKIIOUSI·: INC 
1 "CliO llAIIIY 
1 ECJIO lJAIRY 
1 ECIIO DA111Y 
1 ALJ,JEJl J(ENNI· :CO 'I' 

I::CO'I' 1 ALLUm KJo:NN 
1 G II COOK 
1 J A Jmi1AIIIIS 
2 J A Elllf/\IIIJS 
3 USGS 
1 If I MILLER 

1 J A EllWt\llllS 

!II .... 
!II 
;... .. .... .. .. .. 
:J 'tl 

110 

"" .9 0' -- -··· 
p II c 
p p p 
p II p 
p II J 
N N P n 
N N J) 

F u G 
N N p ,, c J> 
Jl II p ,, I I' 
N u Jl GJJ·: 

N N c J ,, II p 
J> II p 
p I ,, ,, u -~ (l,.m 
J> u 

1• II C 
1 IIUGII NUI·'I'S 1 NGEII J• II 11 

1 MR PJII;SI.Jo:Y Jl I' n 
1 N W IHIIKINS J> II G 
2 N 11 IJJ Nl: INS Jl u 
1 If E HAIIIIIS I' II p 

1pH m•IIU:lll'Cd iro flc•hl. 

"" .. 
Gl 
Cll ... 

.t:l ... 
0. 

c! .. ____ 
100 
117 
120 
10H 
120 
122 

38 
135 
160 
!GO 

411 
lol!! 

151 
1:l2 
30 
(i2 

r.:HI 
35 

JG:i 
:rt 

1(i1 

1 :w 
til 

11U 

"t1 
Cll 
!II .. "" u .. 

Cll 

·'' Cll . . ... 
n ....... 
Cll 
Cl _ .,. ___ 

101 

2 X 
2 X 
2 X 
2 X 
6 X 
6 X 

36 1 T 
4 X 

70 G X 
7U 4 X 

10 X 
10 G 

'12 

J :IU 
33 
74 

Jt2 

U2 

R 
2 
1 
1 
(i 

1 

4 
2 
1 
2 
J 
2 

s 
X .,. 
'J' 
X 
'J' 

X ,. 
X 
X 
·r 
X 

... 
0" .. 
CIICII 
't:ICII 
:::I'H ........ ... 
.. 0 
.-til) 
<(~ 

:JO 

30 

3G 

J 
17 

J ., 
111 
2:>. 
22 
22 
2:1 

2:1 
• ~~u 

;on 
:cr. 
:w 
:n 

.-ilo 
CliO 
>.-t 
Cll Cll 
r-1.0 

J4f.l ,,., 
CIICII"" r-tt: 
.., CliO 111 r~ 

~~!3 "' Ln 
:..~ 

f;o• 

12 
!.1 2:!fi 

11 

1 f,fl 
Ill 1111>' 
15 
1:1 fiOO 

6 t>o 
1 

8 

Jot 
II H 
7 2f•O 

21 .. J[, 
11 
lG .. :.u 

·--·--··-
l/uallty 

"' watl·r 

[5 
-

r:l 
i< 't:l 110 
0 ... r:: I r. 
"<I> r. 8 

...... 
"Cl> .: 'tl Cll ...... 
rl ... 0 ... ...rl ... ... ~ Jt :r: .... ..: 0. rl Cll r:: 
Q .... r~ u ;.;rn ;.:.0:::1 

..... ------.,. Tc:h 
·1 (I 

:il2 
'l'ch-Kpd 

1 II 4 2 1'ch-Kp<l 
'fch-Kpd 

2 H' ~ 112 Kpd 
Kpd 

·II:, 
'JQ 

I 2 Kprl 
·I fo ;I Kpd 
2 .,. :! ·I :I 1\p<l 
II H ., 1 :I Kpd 

Kpd-'1\J 

If> 11' 3 Kpd 
(I 2 ·I :1 Kpd 
fi t>' I ·I TQ 
7 'I' I fi 'IQ 

Kpd 
'1\J 

~i· :~ 1 :c Kpd 
~. (J I (J '1\J 

1'C'h-Kpd 
·I I 1 2 Kpd 

'JQ 
4 u •I 2 Tch-Kpd 

- - -

----------

Remarks 

·------· ---·-----
T<·•·l'• G!. "I'. 

Tt-r:tp. !.7"1'. 

Oh>. "<'II, l:luf:t:r h'>lc I!] 'I 
112~· ttd•ll 

'h ....... (; .... 0 

"'"'• 
OL> . .:ell, 1t•• t'· !.7"1'. 

Tl"mp. (.~ .... 
Test ~o~dl 

I hid. 112:> 
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Foreword 

The Regional Aquifer System Analysis Program 

The Regional Aquifer-System Analysis (RASA) program was started in 1978 

after a congressional mandate to develop quantitative appraisals of the 

major ground-water systems of the United States. The RASA program 

represents a systematic effort to study a number of the Nation's most 

important aquifer systems which, in aggregate, underlie much of the country 

and which represent important components of the Nation's total water supply. 

In general, the boundaries of these studies are identified by the hydrologic 

extent of each system, and accordingly transcend the political subdivisions 

to ~hich investigations have often arbitrarily been limited in the past. 

The broad objective for each study is to assemble geologic, hydrologic, and 

geochemical information, to analyze and develop an understanding of the 

system, and to develop predictive capabilities that will contribute to the 

effective management of the system. The use of computer simulation is an 

important element of the RASA studies, both to develop an understanding of 

the natural, undisturbed hydrologic system, and of any changes brought about 

by human activities, as well as to provide a means of predicting the 

regional effects of future pumping or other stresses. 

The final interpretive results of the RASA prog~am are presented in a 

series of U.S. Geological Survey Professional Papers that describe the 

geology, hydrology, and geochemistry of each regional aquifer system. Each 

study within the RASA Program is assigned a single Professional Paper 

number, and where the volume of interpretive material warrants, separate 

topical chapters that consider the principal elements of the investigation 

may be published. The series of RASA interpretive reports begins with 

Professional Paper 1400 and thereafter will continue in numerical sequence 

as the interpretive products of subsequent studies become available. 

Dallas L. Peck 

Director 
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CONVERSION FACTORS 

The following factors may be used to convert the_inch-pound units 

published in this report to the International System of Units (SI). 

Multiply inch-pound unit 

inch (in.) 
foot (ft) 
mile (mi) 

foot per mile (ft/mi) 

square foot (ft2) 
square mile (mi 2) 

acre 

cubic yard (yd3) 
acre-foot 

cubic foot per second (ft3/s) 
cubic foot per second 

per square mile 
[(ft3js)/mi2] 

gallon per day (gal/d) 
million gallons per day 

(Mgal/d) 

foot per second (ft/s) 
mile per hour (mi/hr) 

pound (lb avoirdupois) 
ton (short, 2,000 lbs) 

By 

Length 

25.4 
.3048 

1.609 
.1894 

Area 

.0929 
2.590 

4,047 

Volume 

.7646 
1,233 

Flow 

.02832 

.01093 

3.785 
.04381 

Velocity 

.3048 
1.609 

11ass 

.4536 

.9072 

To obtain SI unit 

millimeter (rnrn) 
meter (m) 
kilometer (km) 
meter per kilometer (m/km) 

square meter (m2) 
square kilometer (km2) 
square meter (m2) 

cubic meter (m3) 
cubic meter (m3) 

cubic meter per second (m3/s) 
cubic meter per second 

per square kilometer 
[(m3/s)jkm2] 

liter per day (L/d) 
cubic meter per second (m3/s) 

meter per second (m/s) 
kilometer per hour (km/hr) 

kilogram (kg) 
tonne (t) 

Sea level: In this report "sea level" refers to the National Geodetic 

Vertical Datum of 1929 (NGVD of 1929)--a geodetic datum derived from a 

general adjustment of the first-order level nets of both the United States 

and Canada, formerly called, Sea Level Datum of 1929. 

iv 
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SlMUIATION OF GROUND-YATER FLOY IN THE COASTAL PlAIN 

AQUIFER SYSTEM OF NORTH CAROLINA 

i 
I 

By G.L. Giese, J.L. Eimers, and R.W. Coble 

I 
i 

ABSTRACT 

A three-dimensional finite·difference digital model was used to 
! 

simulate ground·water flow in the 25,000 square·mile aquifer system of the 

North Carolina Coa~tal Plain. The model was developed from a hydrogeologic 
I 

framework that is based on an alternating sequence of 10 aquifers and 9 
I 

confining units, which comprise a seaward·thickening wedge of sediments that 

form the Coastal Plain aquifer system in the State of North Carolina. 
! 

I 
The model wasicalibrated by comparing observed and simulated water 

levels. The modelicalibration was achieved by adjusting model parameters, 

primarily transmissivity of aquifers and leakance of confining units, until 
I 

differences between observed and simulated water levels were within 
I 

acceptable limits, ;generally within 15 feet. The maximum transmissivity of 
' an individual aquifer in the calibrated model is 200,000 feet squared per 
i 

day in a part of the Castle Hayne aquifer, which is composed predominately 
I 

of limestone. The:maximum simulated vertical hydraulic conductivity in a 

confining unit was:2.5 feet per day in a part of the confining unit 

overlying the upper Cape Fear aquifer. The minimum value was 4.1 x 10· 6 

feet per day in part of the confining unit overlying the lower Cape Fear 
' 

aquifer. Analysislindicated the model is highly sensitive to changes in 
r 

transmissivity and:leakance near pumping centers; away from pumping centers, 
I 

the model is only ~lightly sensitive to changes in transmissivity but is 

moderately sensitive to changes in leakance. 
i 

' 
Recharge from 1precipitation to the surficial aquifer ranges from about 

I 
12 inches per yearlin areas having clay at the surface to about 20 inches 

I 

per year in areas having sand at the surface. Most of this recharge moves 
I 

laterally to streams, with only about 1 inch per year moving downward to the 

confined parts of bhe aquifer system. Under predevelopment conditions, the 

confined aquifers ~ere generally recharged in updip interstream areas and 

discharged through!streambeds and in downdip coastward areas. Hydrologic 

' 
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I 
analysis of the flow system using the calibrated model indicated that, 

\ 
because of ground-water withdrawals, areas of ground-water recharge have 

I 

expanded and ~ncroached upon some major stream valleys and into coastal 

areas. Simulations of pumping conditions indicate that by 1980 large parts 
I 

of the former\coastal discharge areas had become areas of potential or 
I 

actual recharge. 

Ground-water level declines, ~hich are the result of ~ater taken from 
I 

storage, are extensive in some areas and minimal in others. Hydraulic head 
i 

declines of more than 135 feet have occurred in the northern Coastal Plain 

since 1940 primarily due to ~ithdra~als in the Franklin area in Virginia. 
I 

Declines of ground-water levels greater than 110 feet have occurred in 

aquifers in th~ central Coastal Plain due to combined effects of pumpage for 

public and indhstrial ~ater supplies. Water-level declines exceeding 100 

feet have occu~red in the Beaufort County area because of ~ithdrawals for a 

mining operation and water supplies for a chemical plant. Head declines 
I have been less
1

than 10 feet in the shallo~ surficial and Yorktown aquifers 

and in the updip parts of the major confined aquifers distant from areas of 
I 

major withdrawals. In 1980 contribution from aquifer storage was 14 cubic 
I 

feet per second, ~hich is about 4.8 percent of pumpage and about 0.05 
\ 

'percent of ground-water recharge. 

A water-budget analysis using the model simulations indicates that much 
! 

of the ~ater removed from the ground-~ater system by pumping ultimately is 
I 

made up by a reduction in water leaving the aquifer system, which discharges 

to streams as base flo~. The reduction in stream base flo~ ~as 294 cubic 

feet per secon~ in 1980 and represents about 1.1 percent of .the ground-~ater 

recharge. The 'net reduction to streamflow is not large, however, because 

most pumped ground ~ater is eventually discharged to streams. In places, 
I 

such as at rock quarries in Onslo~ and Craven Counties, ~ater is lost from 
I streams to recharge the water-table aquifer. In simulations for the period 

1980-2000, assuming a 3-percent increase in pumpage per year since 1980, 
I 

such induced infiltration increased about seven-fold from about 6 to 42 
i 

cubic feet per second. 
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I 
The western boundary of the study area coincides roughly with the 

I 
boundary betw,een Fenneman's (1938) Coastal Plain and Piedmont province and 

is delineated by the Fall Line. The northern and southern boundaries 
I 

coincide with' the Virginia and South Carolina borders, respectively. The 

eastern bound~ry, though not shown in figure 1, is defined as the seaward 

limit of ground water that has a dissolved chloride concentration of 10,000 

mg/L (milligrkms per liter). 

The North Carolina Coastal Plain is an eastward-dipping and thickening 
I 

sequence of sand, silt, clay, and limestone. Beds primarily composed of . ·, 

sand or llmestone comprise aquifers, and beds largely consisting of clay and 
i 

silt are confining units. This sequence of aquifers and confining units is 
I 

considered to 1. function as a single aquifer system. 
i 
I 
I 

Water deiived from aquifers of the North Carolina Coastal Plain aquifer 
I 

system consti~utes the major source of water for municipal and domestic 

water supplies; it is also an important source of water for industrial and 

agricultural ~urposes. Total ground-water withdrawal in the North Carolina· 
I 

Coastal Plain \for 1980 is estimated at more than 250 Mgal/d (million gallons 
I 

per day). However, this pumpage of ground water, both in the North Carolina 
I 

Coastal Plain 'and in adjacent States, has led to several hydrogeologic 
i 

concerns, including lowering of ground-water levels in some areas, reduction 
i 

of base flow t? streams, creation of the potential for land subsidence, and 

movement of saltwater and contaminated water into ·the areas used for water 

supplies. 

Effective
1
planning for use of ground water in the Coastal Plain is 

needed to provide future water-supply needs while minimizing potentially 
I, 

adverse effects of this development. Such planning requires a detailed 

qualitative and quantitative understanding of the functioning of the ground-
1 

water flow system, including the response of the aquifer system to existing 
I 

and proposed pumping stresses. To help develop such understanding, a 
I 

subregional investigation of the aquifer system of the North Carolina 
i 

Coastal Plain was begun in 1979 as part of a larger regional study of the 

North Atlantic Coastal Plain aquifer system (fig. 2). Both studies are part 
I 

of the U.S. Geological Survey's Regional Aquifer Systems Analysis (RASA) 
', 

program. The regional RASA study covers about 50,000 mi 2 of the Coastal 
' 
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Plain areas of New York, New Jersey, Delaware, Maryland, Virginia, and North 
I 

Carolina. Other subregional RASA studies were conducted in each of the 
\ 

other States, arid all were coordinated at State lines. The broad objectives 

for all of the studies were similar--to assemble geologic, hydrologic, and 
I 

geochemical information, to analyze and develop an understanding of the 
I 

aquifer system, ;and to develop capabilities that will be used to aid the 

effective management of ground-water resources. 
I 

80° 

PENNSYLVANIA 

D 

EXPLANATION 

0 

Atlantic 

Ocean 

SO 100MllES 
-.....-1-..----' 

0 SO 100 KILOMETERS 

NORTHERN AT\.ANTIC COASTAL 
PLAIN STUDY AREA 

FALL LINE 

Figure 2.--The Northern Atlantic Coastal Plain study area 
· (modified from Meisler, 1986). 

The final results of the North Atlantic Coastal Plain RASA study are 
I 

in U.S. Geological Survey Professional Paper series 1404. This 

H in the series. Other chapters that relate directly to 

are: 
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Chapter A. \"The Regional Aquifer System Underlying the Northern Atlantic 

~oastal Plain in Parts of North Carolina, Virginia, Maryland, 
I 
Delaware, New Jersey, and New York." 
I 

Chapter D. :"The Occurrence and Geochemistry of Salty Ground Water in the 

Chapter F. 

Chapter G. 

Chapter I. 

Chapter K. 

Chapter L. 

Northern Atlantic Coastal Plain." 
I 

"Conceptualization and Analysis of Ground-Water Flow in the 
I 

~oastal Plain Aquifers of Virginia and Parts of Maryland and 

North Carolina." 
I 

i'Hydrogeologic Framework of the North Atlantic Coastal Plain in 

Parts of North Carolina, Virginia, Maryland, Delaware." 
I 

·~Hydrogeologic Framework of the North Carolina Coastal Plain 
I 
~quifer System." 

·~Geohydrology and Simulation of Ground-Water Flow in the 
I 

Northern Atlantic Coastal Plain Aquifer System." 
i 

•:Geochemistry of the Northern Atlantic Coastal Plain." 

Purpose and Scope 

The purpose of this report is to describe the simulation of ground
! 

water flow in the Coastal Plain of North Carolina for conditions prior to 
I 

and after development of ground water. A finite-difference ground-water 

flow model wak applied to 10 aquifers and intervening confining units, each 

of which covers all or part of the State's 25,000 mi 2 Coastal Plain. 
I 

Discussions include modeling procedures and boundary conditions, 
I . 

calibration, sensitivity analysis, steady-state for prepumping conditions, 

and transient\simulations for 1900-80 conditions. 

I 
Results of the simulations are discussed with respect to changes in 

I 

ground-water ~low as shown by changes in the water budget, potentiometric 

surface of ea~h aquifer, and direction of ground-water flow vertically 

through the confining units. Results of a simulation for the year 2000 
I 

using an assumed constant increase in pumping of 3 percent per year from 

1980 to 2000 at all 1980 pumping locations also are presented. 
I 

Methods of Investigation 

This study was conducted in three stages. The first stage consisted of 
I 

the development of a conceptual model of the ground-water flow system for 

! 

I 
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the N?rth Carolin~ Coastal Plain. This conceptual model consists of the 
I 

hydrogeologic framework of Winner and Coble (1989), estimates of aquifer and 
I 

confining-unit properties, and general concepts as to the functioning of the 
I 

system, including patterns of ground-water movement, nature of the system 

boundaries, and rates and locations of recharge and discharge. 

The second stage of the study included the mathematical representation 

of the aquifer sys~em. In this stage, elements of the conceptual model of 

the aquifer system[were translated into numerical data sets suitable for 

manipulation in a mathematical-numerical model, which is a combination of a 
I 

system of mathematical equations representing the behavior of the ground-
' water flow system and numerical procedures for solving the equations. A 
I 

computer program d~scribed by Trescott (1975) and modified by Leahy (1982) 

was used to solve the governing equations of ground-water flow. 
1 

i 
I 

Simulated water levels resulting from model trials were compared with 
I 

measured levels during the period 1900-80 to determine how realistically the 
I 

digital model reproduced actual water levels. Model parameters were varied 
I 

in order to improve' the match between the observed and simulated water 

lev~ls and to reduc'e errors in parameter estimates. When the model 
I 

reproduced observed water levels within an acceptable range, the model was 
I 

considered to be calibrated. For each trial set of model parameters, a 
I 

series of three simulations was made (discussed in detail in the "Model 
I 

Calibration" section of this report). 

I 
A sensitivity analysis was then performed on the calibrated model to 

I 
determine the gener~l degree of improvement of model parameter values as a 

result of the model\calibration. The analysis consisted of evaluating the 

effect on model results caused by changing each of the model parameters. If 
I 

model results showed little variation over a broad range of variation of a 
I 

given parameter, then the model was said to be insensitive to that 
i 

parameter, and it i~ not probable that the calibration process improved 

estimates of the parameter. Conversely, if model results showed great 

sensitivity to a given parameter, then changes made in that parameter to 

improve agreement of model results with observed water levels likely 
I 

the 

resulted in improve~ estimates of that parameter. A computer printout of 

the model parameters used in the calibrated model is on file at the District 
I 

I 
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Office, U.S. Geological Survey, Water Resources Division, Raleigh, North 

Carolina. 

The thi~d stage of the study was hydrologic analysis of the aquifer 
i, 

system for predevelopment and development conditions. The analysis involved 

comparison of water levels in aquifers and vertical flow through confining 

units forth~ years 1900 (predevelopment) and 1980 (development). A 

predictive analysis was also done for the year 2000, assuming a 3-percent 

annual increkse in pumping from 1980. 

These three stages were largely, but not entirely, consecutive in time. 

For example,iwork done in digital model calibration at times revealed a need 
I 

to revise previous concepts of the hydrogeologic framework. This, in turn, 
I 

led to a revised digital model and affected the results of the hydrologic 

1 analysis. 

Previous Investigations 

I 

Winner and Coble (1989) described the hydrogeologic framework for the 

North Carolina Coastal Plain, which is used and briefly described in this 

report. Sev~ral of the previous hydrogeologic investigations which have 

contributed ~ignificantly to knowledge of the hydrogeology of North Carolina 

Coastal Plai~ sediments are mentioned below; however, the reader is referred 

to the Winner and Coble report for a more complete review of these 

investigations. 
! 

! 
Clark arid others (1912) reported on the first comprehensive survey of 

the geology and ground-water resources of the North Carolina Coastal Plain. 

LeGrand (1964) presented a broad review of the hydrogeology of the Atlantic 
I 

and Gulf Coastal Plains and discussed important hydrologic concepts related 

to the functi,oning of the ground-water reservoir throughout this large 

region. BroWn, Miller, and Swain (1972) identified 17 chronostratigraphic 
I 

units that are more or less continuous throughout the Coastal Plain from New 

York to North Carolina. On the basis of geophysical logs, driller logs, and 
I 

well cuttings,~ lithofacies and indices of intrinsic permeability for each 

unit were rnap'ped and estimated. 

c 
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Other discussions of ground-water hydrology of multicounty areas in the 

North Carolina Coastal Plain are contained in Mundorff (1946), Brown (1959), 

LeGrand (1960), Schipf (1961), Blankenship (1965), Nelson (1964, 1976), 

Nelson and Barksdale (1965), Harris and Wilder (1966), DeWiest and others 

(1967), Floyd and Peace (1974), Peek (1977), and Narkunas (1980); these are 

included in "References" at the end of this report. 

Publications describing simulation of ground-water flow in the Coastal 

Plain of North Carolina are limited. Cosner (1975) simulated ground-water 

flow in the Lower Cretaceous aquifer in southeastern Virginia, including 

parts of northeastern North Carolina, utilizing a finite-difference model. 

Sherwani (1973) developed a two-dimensional finite-difference model of the 

Castle Hayne aquifer in the Lee Creek area in Beaufort County, primarily as 

a tool for evaluating the effects of dewatering operations for phosphate 

mining on the potentiometric surface. Layne-Western Company (1983) 

developed a steady-state electric-analog model to simulate flow in the 

Cretaceous aquifer system of southeast Virginia and northeast North 

Carolina. 
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CONCEPTUALIZATION OF TilE AQUIFER SYSTEM 

In this report, the conceptual model of the ground-water flow system of 

North Carolina Coastal Plain is presented in a partly quantitative 

~•--u•vu and includes general ideas about the functioning of the aquifer 

, particularly the ways recharge and discharge occur, how water moves 

rough the system, an understanding of the physical environment through 

lch flow occurs, and the nature of the system boundaries. 
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The source of water for the aquifer system is recharge from 

precipitation to the surficial aquifer, which, for the most part, is under 

water-table conditions. Figure 3 illustrates a generalized water budget for 

a typical location in the North Carolina Coastal Plain (Wilder and others, 

1978). The budget shown in figure 3 represents predevelopment (steady

state) conditions in which water entering the aquifer system is equal to the 

water leaving it. Precipitation is about 50 in/yr (inches per year). Of 

this amount, about 33 in. (inches) is lost through evapotranspiration, about 

5 in. is lost through overland runoff, and about 12 in. infiltrates to the 

water table (fig. 3). Of this 12 in., about 11 in. moves laterally to 

streams. In most places, about 1 in. or less moves vertically down through 

confining units to the confined ground-water flow system. Water generally 

moves down into the confined aquifers in interstream areas. It generally 

moves up from the confined aquifers into streambeds of large rivers and into 

sounds and the ocean in downdip coastward areas (fig. 4). 

LAND 
SURFACE 

EVAPOTRANS· 
PIRATION 
331NCHES 
PER YEAR 

WATER TABLE 

TOTAL PRECIPITATION 
SO INCHES 
PER YEAR 

UNCONFINED SURFICIAL AOUIFER 

CONFINED AQUIFER 

OVERLAND RUNOFF 
TO STREAMS 

51NCHES 
PER YEAR 

/_ 

-- GROUND-WATER SEEPAGE 
TO STREAMS 

11 INCHES PER YEAR 

Figure 3.--Typical annual water budget for the North Carolina 
Coastal Plain hydrogeologic system 

(modified from Wilder and others, 1978). 
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For modeling purposes, flow through confining units is considered to be 

primarily vertical as shown in figure 4, and flow through aquifers is 

considered to be horizontal. The unconsolidated Coastal Plain aquifer 

system is underlain by crystalline basement rocks of low permeability. It 

is assumed that there is little significant exchange of water between the 

basement rocks and the Coastal Plain aquifers; therefore, the top of the 

basement rocks is considered as a no-flow boundary for the aquifer system. 

Fresh ground water in Coastal Plain aquifers usually grades into 

saltwater near the coastline. At some point in each aquifer, the effect of 

saltwater density balances the freshwater head poten~ial so that ground

water movement becomes insignificant. In this study. this is assumed to 

occur at the point where the chloride concentration in ground water is 

10,000 mg/L. The seaward limit of ground water containing less than 10,000 

mg/L of chloride, as given by Meisler (1981), is considered as a no-flow 

boundary. 

The hydrogeologic framework of Winner and Coble (1989) for the Coastal 

Plain of North Carolina, outlined in the following section of the report, 

served as the primary basis for the initial numerical representation of the 

flow system in the digital model. Other aspects of the conceptual model of 

the flow system, including recharge and discharge, movement of water through 

the system, and the nature of the system boundaries are discussed later in 

the report as they relate to the digital flow model. 

HYDROGEOLOGIC FRAMEYORK 

The hydrogeologic framework presented by Winner and Coble (1989) 

consists of 10 aquifers and 9 confining units (table 1). However, these 

hydrogeologic units do not occur everywhere in the North Carolina Coastal 

Plain. Equivalent hydrogeologic units for neighboring States are also shown 

in table l, although some of these are not present at the respective borders 

with North Carolina. 

For the convenience of constructing a digital model of the ground-water 

flow system, the hydrogeologic units are sometimes abbreviated using a 

letter and number as shown in table 1. Aquifers (A) are numbered from the 

lowest unit upward; confining unit (CU) designations are taken from the 
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Table 1.--North Carolina, South Carolina, and Virginia Coastal Plain 
hydrogeologic units 

(modifi~d from Winner and Coble, 1989) 

Virginia hydrogeologic North Carolina hydrogeologic South Carolina hydrogeologic 

units.!/ ' units and model layer number units.£/ 

Columbia aquifer Surficial aquifer AlO Surficial ~uifer 

Yorktown confining_ unit Yorktown confining unit CU9 

Yorktown-Eastover aquifer Yorktown aquifer A9 

St. Ma~s confinin~ unit Pungo River confining_ unit CUB 

St. Marys-Choptank aquifer Pungo River aquifer AS 
Hydrogeologic units 

Calvert confining unit Castle Hayne confinin~ unit CU7 
equivalent to North 

Chickahominv-Pinev Point aquifer Castle Havne aquifer A7 
Carolina units not 

Nanjemoy-Marlboro Clay 
confining unit Beaufort confining unit CU6 present in northeastern 

Aquia aquifer South Carolina 11 

Brightseat confinin!l: unit y Beaufort aquifer A6 

Brightseat aquifer 

Pee dee confining unit cus 

Peedee aquifer AS 

North Carolina units not Black Creek confining unit CU4 

present in Virginia Black Creek a~uifer 

Black Creek aquifer A4 Unnamed confining_ unit 

Middendorf aquifer 

Upper Potomac confininl!: unit Upoer Caoe Fear conf. unit CU3 Unnamed confininl!: unit 

!Jm>er Potomac aquifer Upper Cape Fear aquifer A3 

Middle Potomac confinin2 unit Lower Cape Fear conf. unit CU2 

Middle Potomac aquifer Lower CaQe Fear aquifer A2 Cape Fear aquifer 

Lower Cretaceous conf. 
Lower Potomac confini~ unit unit CUl 2/ 

Lower Cretaceous 
Lower Potomac aquifer aquifer Al 

1/ 
- Meng and Harsh (1988). 
2/ 
-Southeastern Coastal Plain aquifer system (Aucott and others, 1987). 
3/ . - Tert1ary equivalents (Floridan and Tertiary sand aquifers) are present in the central and 

southern South Carolina Coastal Plain (Aucott and others, 1987). 
4/ 
-Restricted to northern Virginia; not present along North Carolina-Virginia boundary. 
5/ 
- Restricted to northern North Carolina; not present along North Carolina-South Carolina 

boundary. 
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aquifers they overlie. Thus, aquifer Al is the lowermost aquifer and the 

confining unit overlying it is CUl. These designations are referred to 

frequently in this report. 

Selected hydrogeologic sections were adopted from Winner and Coble 

(1989) to show the distribution of aquifers and confining units throughout 

the North Carolina Coastal Plain (figs. 5 through 9). The idealized 

sections show the thickening, thinning, and pinch-outs typical of these 

hydrogeologic units in the study area. Confining units are considered to 

terminate at the limit of the underlying aquifer. These relations are built 

into the modeling process, and the reader is referred to Winner and Coble 

(1989) for detailed geologic and hydrologic descriptions. Brief 

descriptions of each hydrogeologic unit are presented in this section. 

Surficial Aquifer (AlO) 

The surficial aquifer (AlO) overlies all of the North Carolina Coastal 

Plain (fig. 1) and consists of fine sand, silt, clay, shell, and peat beds. 

Scattered deposits of coarser-grained sediments in the unit occur in relict 

beach ridges or in alluvium. Throughout the western and central parts of 

the Coastal Plain, the thickness of the surficial aquifer ranges from a few 

feet to about 30ft (feet); however, the aquifer thickens eastward and is 

more than 200 ft thick in the vicinity of the Outer Banks. The sediments of 

the surficial aquifer are primarily of post-Yorktown age, but are not 

restricted to a single geologic unit in terms of age or lithology (Winner 

and Coble, 1989). 

The surficial aquifer (AlO) directly overlies most of the confined 

aquifers at one place or another and exchanges water with them either 

directly or through an intervening confining bed. The surficial aquifer 

receives direct recharge from precipitation and is the source of water for 

the deeper confined aquifers and base flow to streams. The amount of 

recharge from precipitation varies areally from about 12 to 20 in/yr, 

depending on the clay content of the soils. Winner and Coble (1989) 

estimated the average horizontal hydraulic conductivity of the surficial 

aquifer to be 29 ft/d (feet per day). A more detailed description of 

movement of water within the surficial aquifer is given in the section 

entitled "Model Input." 
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Yorktown Aquifer (A9) and Overlying Confining Unit (CU9) 

The Yorktown aquifer (A9), is equated with the older beds of the 

Pliocene Yorktown Formation of Clark and others (1912) and extends 

throughout the northern half of the Coastal Plain (fig. 10) from the Fall 

Line, where it overlies crystalline rocks similar to those in the Piedmont, 

eastward to beyond the coast. The Yorktown aquifer is largely composed of 

fine sand, silty and clayey sand, and sand with shells and shell beds, with 

some limestone and coarse sand beds also present. In the western Coastal 

Plain, the aquifer is relatively thin, less than 20 ft thick in many places, 

and has been cut into or eroded away by the larger streams flowing across 

the area. In Dare County, the Yorktown aquifer attains its maximum 

thickness of over 300 ft. 

The Yorktown aquifer (A9) does not extend into the southern half of the 

Coastal Plain, except for a small area in Robeson County (fig. 10) which is 

the largest of a number of outliers shown by Brown and others (1972, pl. 

21). Figure 10 also shows the areal extent of aquifers that underlie the 

Yorktown aquifer. The surficial aquifer (AlO) overlies the Yorktown aquifer 

everywhere. 

The estimated horizontal hydraulic conductivity of the Yorktown aquifer 

(A9) ranges from 19 to 33 ft/d and averages about 21 ft/d, based on aquifer 

tests and lithologic- and geophysical-log data from 52 wells and test holes 

(Winner and Coble, 1989). 

The Yorktown confining unit (CU9) overlying the Yorktown aquifer 

is comprised of the youngest clay beds of the Yorktown Formation in most 

places, but locally may include clay beds of Pleistocene or Holocene age. 

Its thickness averages about 25 ft, ranging from less than 10 up to 50 ft 

thick. It is composed largely of clay and sandy clay that locally includes 

beds of fine sand or shell. The Yorktown confining unit generally is 

considered to extend only as far as the Yorktown aquifer, even though 

stratigraphically equivalent beds may continue beyond the aquifer limits. 
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Figure 10.--Areal extent of the Yorktown aquifer (A9) and 
underlying aquifers or basement rock 

(modified from Winner and Coble, 1989). 
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Pungo River Aguifer (AP) and Overlying Confining Unit (CU8} 

The Pungo River aquifer (AS) consists of the permeable part of the 

Pungo River Formation of lower and middle Miocene age, described in detail 

by ~imrey (1965). The Pungo River aquifer is composed of fine to medium 

marine sands with considerable phosphate content. Average .estimated 

horizontal hydraulic conductivity based on analysis of geophysical logs is 

33 ft/d, according to Winner and Coble (1989). Shells and other fossils are 

present throughout the-aquifer; occasionally, beds of limestone and coarse 

sand are found. 

The Pungo River aquifer (AS) is thinnest near its western and northern 

limits, where its thickness· averages about 15 ft. The aquifer dips eastward 

and thickens to more than 200 ft in the vicinity of the Outer Banks where 

the top is more than 700 ft below sea level. The aquifer is overlain 

everywhere by aquifers A9 or AlO (fig. 11), except where it is exposed in an 

open-pit phosphate mine in Beaufort County. The Pungo River aquifer is 

underlain everywhere py the Castle Hayne aquifer (A7) . 

The Pungo River confining unit (CUB) is formed by the upper clay beds 

of the Pungo River Formation and contiguous clays of the lowermost Yorktown . 

Formation. The confining unit ranges in thickne.ss from less than 10 ft near 

the western margin to about 150•ft beneat~ Currituck County, with_an average 

thickness of nearly 55 ft. For most of the area, the confining unit is 

composed of nearly uniform clay containing less than 10 percent sand. 

Castle Hayne Aquifer {A7) and Overlying Confining Unit {CU]) 

The Castle Hayne aquifer (A7) is delineated as those calcareous 

sediments of Eocene age that are equated with the Castle Hayne Limestone and 

the Trent Formation of former usage of Clark and others (1912). Also 

included in this aquifer are rocks of Oligocene age, now designated River 

Bend Formation, overlying the Castle Hayne (Brown and others, 1972), which 

are lithologically identical and hydraulically connected to the Castle Hayne 

Limestone. The basal part of che aquifer may include older contiguous 

permeable units in local areas. The areal extent of this aquifer is sho•~ 

in figure 12, which also sho~s the extent of overlying aquifers. 
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Figure 11.--Areal extent of the Pungo River aquifer (AS) and 
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(modified from Winner and Coble, 1989). 
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The Castle Hayne aquifer (A7) is composed of limestone, sand, and minor 

amounts of clay deposited under marine conditions. Limestone may occur as 

shell limestone, dolomitic limestone, and sandy limestone ranging from 

loosely consolidated to hard and recryst~llized. Along the western margin, 

the aquifer occurs near land surface from New Hanover County to Craven 

County. Eastward, the aquifer thickens to more than 950 ft in Carteret 

County and to nearly 1,200 ft beneath Cape Hatteras (Brown, 1958, fig. 4). 

In the area north of Albemarle Sound, limestone beds are thin to 

nonexistent, and the sediments contain more clay. The thickness of the unit 

averages about SO ft between Bertie and Currituck Counties but reaches a 

maximum of 115 ft in Currituck County . 

The Castle Hayne aquifer (A7) is the most productive aquifer in North 

Carolina due to its thickness and high percentage of permeable limestone and 

sand. On the basis of aquifer tests and lithologic and geophysical log 

data, the hydraulic conductivity of the Castle Hayne aquifer ranges from 

about 15 ft/d, where it is composed of fine sand, to about 200 ft/d where 

the bulk of the aquifer is porous limestone. 

The thickness of the Castle Hayne confining unit (CU7) averages only 

about 10 ft; it exceeds 25 ft only in Gates County along the Virginia 

border, in eastern Pamlico and Carteret Counties, and in two small areas 

along the western limit of the Castle Hayne aquifer (A7) .. The confining 

unit is composed of beds of clay, sandy clay, and clay with sandy streaks 

that are part of the Pungo River Formation, the Yorktown Formation, or 

younger clays. The confining unit is missing in several stream valleys 

south of Craven County and in two areas in the northeastern Coastal Plain. 

In addition to being thinner than most of the other confining units, the 

Castle Hayne confining unit contains more sand; thus, it is relatively 

permeable and allows significant vertical leakage between the Castle Hayne 

and overlying aquifers. 

The Castle Hayne aquifer (A7) and confining unit (CU7) are directly 

overlain by the Pungo River aquifer (A8) throughout most of its northern and 

eastern area (fig. 12), whereas to the south, the Castle Hayne is overlain 

by the Yorktown and surficial aquifers (A9 and AlO). The Castle Hayne is 

directly underlain.by the Beaufort aquifer (A6) and confining unit (CU6) 

northeast of Jones and Onslow Counties and by the Peedee aquifer (AS). and 

confining unit (CUS) south of these counties (fig. 13). 
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Beaufort Aquifer (A6} and Overlyin& Confining Unit (CU6) 

The dark green and gray sands and clays that were identified as the 

Beaufort Formation of Paleocene age by Brown (1959) and later identified as 

rocks of Midway age by Brown and others (1972) comprise the bulk of the 

Beaufort aquifer (A6)·the extent of which is shown in figure 14. As with 

the other hydrogeologic units, the definition of this aquifer was not 

restricted to a single geologic formation; the Beaufort aquifer may include 

parts of rock units that are older than the Beaufort Formation (Winner and 

Goble, 1989). 

The Beaufort aquifer (A6) is composed of fine to medium glauconitic 

sands, clayey sands, and clay beds of marine origin. Shell and limestone 

beds are present but are less than 6 ft thick. The thickness of the 

Beaufort aquifer ranges from less than 10 ft along its western limit to more 

than 100 ft in the northern part of its eastern limit. In Camden and 

currituck Counties, the aquifer thins toward the east or northeast. The 

average horizontal hydraulic conductivity of the aquifer was estimated to be 

about 36 ft/d, on the basis of lithologic and geophysical logs, with lower 

than average values in the northern and easternmost parts of the aquifer 

where the sand is finer and the aquifer contains more clay. 

The Beaufort confining unit (CU6) consists of the uppermost sediments 

the Beaufort Formation and possibly some younger clay, silt, and sandy 

clay. Over most of the area, the confining unit shows a gradation from 

clay to clay, but contains distinct clay beds interlayered with fine 

The thickness of the confining unit ranges from zero to 80 ft 

averages about 24 ft. The thicker parts of the confining unit are in 

~rtheast of Washington County. 

The Beaufort aquifer (A6) is covered entirely by younger rocks 

14) and is not exposed at land surface. About 90 percent of the 

aquifer (A6) and confining unit (CU6) are overlain by the Castle 

_aquifer (A7). The remainder is overlain with the Yorktown aquifer 

~~·•vw Pitt County northward near its updip limit (fig. 14). The upper 

the Peedee aquifers and confining units 

the Beaufort aquifer. The Peedee aquifer and confining unit (AS 

underlie about 80 percent of the area of the Beaufort ~quifer (fig. 
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Figure 14.--Areal extent of the Beaufort aquifer (A6) and 
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(modified from Winner and Coble, 1989). 
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Peedee Aquifer (AS) and Overlying Confining Unit (CU5) 

The Peedee aquifer {AS) is named for the Upper Cretaceous Peedee Sand 

of Clark and others (1912, p. 145) and the Peedee Formation of Stephenson 

and Rathbun (1923, p. 11), of which the aquifer is largely composed. The 

areal extent of the Peedee aquifer and overlying units is shown in figure 

16. 

The Peedee aquifer (AS) is composed of fine to medium-grained sands 

interbedded with clays and silts. Thin beds of consolidated calcareous 

sandstone and impure limestone are interlayered among the sands in some 

places, particularly in the southeastern Coastal Plain area. Shells are 

common throughout the unit. The top of the Peedee aquifer dips eastward at 

an average rate of about 24 ft/mi (feet per mile), but the dip is variable 

from about 10 ft/mi in the western part to over 32 ft/mi in the more deeply 

buried part along the coast. The aquifer thickness ranges from zero along 

its western limit to more than 300 ft along the coast from southern Onslow 

County to the South Carolina border. Northeast of Onslow County, the 

maximum thickness of the aquifer is less than 200 ft and the unit contains 

saltwater. The average horizontal hydraulic conductivity of the Peedee 

aquifer was estimated from geophysical logs to be about 33 ft/d by Winner 

and Coble (1989). 

The Peedee confining unit (CUS) is composed of clay, silty clay, and 

sandy clay. Winner and Coble (1989) did not identify the confining unit 

with a particular geologic unit, but the unit is composed pr~marily of 

sediments at the Cenozoic-Mesozoic boundary. The average thickness of the 

Peedee confining unit is about 25 ft. In the eastern part of the confining 

unit, thickness may reach 60 ft but commonly does not exceed 30 to 35 ft. 

Black Creek Aquifer (A4) and Overlying Confining Unit (CU4) 

The Black Creek aquifer (A4) (Winner and Coble, 1989) includes Upper 

Cretaceous sediments of both the Black Creek and underlying Middendorf 

Formations (fig. 17). The Black Creek Formation consists mainly of thinly

laminated gray to black clay, interbedded with gray to tan sands. Outcrops 

also exhibit sand or clay-dominated lenses. The Middendorf Formation 
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overlying aquifers 
(modified from Winner and Coble, 1989). 
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consists mainly of a fine to medium sand, interbedded with silty clay, 

coarser channel sand, and thinly laminated sand and clay. The horizontal 

hydraulic conductivity of the Black Creek aquifer as estimated by Winner and 

Coble (1989) ranges from about 15 to 50 ft/d, based on geophysical logs and 

aquifer tests. 

The Black Creek aquifer and confining unit (A4 and CU4) are overlain by 

the Peedee (A5 and CUS), Beaufort (A6 and CU6), and Yorktown (A9 and CU9), 

aquifers and confining units and by the surficial aquifer (AlO) (fig. 17). 

The Peedee aquifer overlies the eastern two-thirds of the Black Creek 

aquifer and confining unit, and the surficial aquifer overlies the Black 

Creek from the Fall Line to the updip limit of the Peedee in the southern 

Coastal Plain, except for a small area in Robeson County where it is 

overlain by the Yorktown aquifer. The Yorktown and Beaufort aquifers 

overlie the Black Creek aquifer and confining unit along its western limit 

in the northern Coastal Plain. 

The Black Creek confining unit (CU4) is primarily composed of the 

uppermost beds of the Black Creek Formation and consists of clay, silty 

clay, and sandy clay. In the northern part of the Coastal Plain, it may 

also include clay of the lower parts of the Beaufort or Yorktown Formations. 

In the deeper subsurface, clay in the lower part of the Peedee Formation may 

also be included as a part of this confining unit. In the Sand Hills area 

(see inset, fig. 1), where the Black Creek aquifer (A4) is composed of the 

Middendorf Formation, confining unit CU4 is composed of the uppermost clay 

of the Middendorf Formation. In the highly dissected Sand Hills, the 

is cut through in many places by streams; thus the Black 

confining unit does not exist at these locations. Farther east, the 

.cc••••n~ls of larger streams, such as the Cape Fear and Neuse Rivers, also 

cut through the confining unit to allow direct hydraulic connection 

the streams and the Black Creek aquifer. The thickness of the 

ning unit averages about 45 ft but it may be more than 168 ft thick in 

s in the eastern part of the Coastal Plain. 

Dpper Cape Fear Aquifer {A3) and Overlying Confining Unit {CU3) 

Coble (1989) recognized that the Upper Cretaceous Cape Fear 

on could be separated into two distinct hydrogeologic units, largely 
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on the basis of effective confining beds between the upper and lower parts 

in Brunswick and adjacent counties near the South Carolina border. The 

sediments of the upper Cape Fear aquifer (A3), (fig. 18) are alternating 

beds of sand and clay. The individual beds are commonly 3 to 5 ft thick, 

but range up to 15 ft thick. 

The upper Cape Fear aquifer (A3) varies in thickness from about 10 ft 

along its western edge to nearly 500 ft in central Tyrrell County. The 

average thickness of the aquifer is slightly more than 100 ft. The aquifer 

is thickest beneath the Albemarle-Pamlico Peninsula east of Beaufort and 

Washington Counties. The horizontal hydraulic conductivity of the aquifer 

was estimated from geophysical logs to average about 30 ft/d, with values 

ranging from 20 to 70 ft/d (Winner and Coble 1989). 

As described by Winner and Coble (1989), the upper Cape Fear confining 

unit (CU3) consists of nearly continuous clay, silty clay, and sandy clay 

beds belonging either to the Middendorf Formation in the Sand Hills area or 

to the Black Creek Formation. The thickness of the confining unit averages 

abput 48ft (Winner and Coble, 1989), but may exceed 100ft in places near 

the South Carolina border, near the southeastern corner of Duplin County and 

in Dare County. Along the western limit of the upper Cape Fear aquifer 

(A3), the Cape Fear and Neuse Rivers have cut through the confining unit; 

the same is true along the Tar and Roanoke Rivers. 

The upper Cape Fear aquifer and confining unit (A3 and CU3) are 

overlain by the Black Creek aquifer (A4) in about 90 percent of its area 

(fig. 18). The Yorktown aquifer (A9) overlies the upper Cape Fear in the 

northwest, and the Beaufort aquifer (A6) overlies it in parts of Gates and 

Hertford Counties. The lower Cape Fear aquifer and confining unit (A2 and 

CU2) underlie the upper Cape Fear aquifer (A3) in about tnree-fourths of its 

area (fig. 19). Elsewhere, the upper Cape Fear is in contact with basem~nt 

rocks. 

Lower Cape Fear Aguifer (A2) and Overlying Confining Unit (CU2) 

The lower Cape Fear aquifer (A2) in figure 20 consists mostly of older 

sand beds of the Cape Fear Formation similar to those beds described for the 
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(modified from Winner and Coble, 1989) . 
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upper Cape Fear aquifer (A3). In the southern Coastal Plain, Winner and 

Coble (1989) viewed these sediments largely as a regressive phase of the 

Cape Fear Formation having a separate hydrologic identity from overlying and 

younger Cape Fear sand units. 

The lower Cape Fear aquifer (A2) strikes northeast and dips southwest 

at a rate of 15 to 35 ft/mi. Its thickness ranges from a few feet along its 

western margin to more than 400 ft in the northeastern Coastal Plain. The 

average hydraulic conductivity of the aquifer was estimated by Winner and 

Coble (1989) from geophysical logs to be about 34 ft/d. Individual values 

ranged from 20 to 75 ft/d. 

The lower Cape.Fear confining unit (CU2) is composed of clay and sandy

clay beds that belong largely to the Cape Fear Formation. The average 

thickness of the confining unit is about 50 ft. The confining unit exceeds 

75 ft in thickness throughout the eastern quarter of the Coastal Plain and 

in parts of Bertie and Halifax Counties and is more than 100 ft thick in 

parts or all of Pasquotank, Camden, Currituck, Columbus, and Brunswick 

Counties. 

The lower Cape Fear aquifer and confining unit (A2 and CU2) are 

overlain by the upper Cape Fear aquifer (A3) everywhere except for a small 

area near the Fall Line in Northampton County where the Yorktown aquifer 

(A9) overlies them (fig. 20). The Lower Cretaceous aquifer and confining 

unit (Al and CUl) underlie the lower Cape Fear aquifer in the eastern half 

of the Coastal Plain (fig. 21). Elsewhere, the lower Cape Fear aquifer lies 

on basement rocks. 

J.ower Cretaceous Aauifer CAll and Overlying Confining Unit (CUll 

Sediments below the Cape Fear Formation are regarded by most 

investigators as belonging to the Lower Cretaceous Series and, possibly, 

older rocks (Winner and Coble, 1989). Thus, the name Lower Cretaceous 

aquifer (Al) was chosen to designate this hydrogeologic unit which is the 

lowermost aquifer defined in this study. The extent of aquifer Al is shown 

in figure 21. Various investigators have established that the updip beds of. 

the Lower Cretaceous aquifer are largely nonmarine in origin, but the 
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incidence of beds of marine origin increases downdip towards the coast. The 

nonmarine beds are represented by shales, sands, and sands and gravel. 

Marine beds are chiefly limestones that may be sandy or dolomitic. Data on 

horizontal hydraulic conductivity of the Lower Cretaceous aquifer are 

lacking in North Carolina, but Winner and Coble (1989) inferred from work by 

Brown and Cosner (1974) in Virginia that the hydraulic conductivity of this 

unit nearby in Virginia ranged from 10 to 40 ft/d, and in North Carolina may 

range from 20 to 30 ft/d. 

The thickness of the Lower Cretaceous aquifer (Al) ranges from about 15 

ft near its western limit to more than 2,000 ft in Currituck County. The 

average thickness of the Lower Cretaceous aquifer is about 500 ft. 

The Lower Cretaceous confining unit (CUl) consists of clay and sandy

clay beds that belong to either sediments of Early Cretaceous or Late 

Cretaceous age. The thickness of the unit avera_ges about 46 ft but is 

nearly 70 ft in Camden and Currituck Counties. The Lower Cretaceous aquifer 

and confining unit are overlain everywhere by the lower Cape Fear aquifer 

(A2) and underlain everywhere by crystalline basement rocks (Winner and 

Coble·, 1989). 

SIKULATION OF GROUND-VATER FIDV 

Equation of Ground-Vater Flow 

The basic ground-water flow equation used in this report is of the 

form: 

a [ ahJ a [ ah } ba ~ ah] -T -+-T- -K --ax XX ax ay yy ay az ZZ az 

ah 
S at+ bW(x,y,z,t) 

in which, using units of time (T) and l~ngth (L): 

K zz 

principal component of the transmissivity tensor in the x 

direction (L2T- 1); 

principal component of the transmissivity tensor in the y 

direction (L2T-1); 

principal component of the hydraulic conductivity tensor in 
-1 the z direction (LT ); 
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h- hydraulic head (L); 

S storage coefficient (dimensionless); 

b- thickness of hydraulic unit (L); 

t - time (T); 

x,y,z- space coordinates (L); 

W(x,y,z,t) -volumetric flux per unit volume (T-1); (Trescott, 1975). 

The derivation of this equation will not be explained here, but 

discussions of its development may be found in Trescott (1975) and Trescott 

and Larson (1976). 

Digital Model of Ground-Vater Flow 

The digital model used in this study to solve a finite-difference form 

of the preceding ground-water flow equation (eq. 1) is described by Leahy 

(1982). Leahy's model is a modified version of a three-dimensional finite

difference flow model program described by Trescott (1975) and Trescott and 

Larson (1976). The model assumes that all flow in the aquifers is 

horizontal and all flow in the confining units is vertical. Leahy's 

modification reduces computer-memory requirements and better simulates 

con~ining-unit and aquifer pinchouts. 

Grid Design 

The model area is divided into a rectangular grid having 11 layers, 60 

·rows, and 48 columns. The grid spacing is variable. The smallest rectangle 

12.25 mi2 and the largest is 56.25 mi2 (fig. 22). This grid is designed 

be.compatible with the regional m~del grid described by Leahy and Martin 

press) intended for simulating the entire North Atlantic Coastal Plain 

~·~J-~r system in that each rectangle of the regional grid is divided into 

.. ·small, .local (North Carolina) grids (12.25 mi2 ) • 

. ··:-Each layer of the North Carolina model has 2, 880 rectangular blocks, 

. total.31,680 blocks for the 11 layers. The model nodes are located at 

of each block. Each input value assigned to a node is considered 

·an average value for the entire block. Likewise, output values 

w~·~~~.4~ head and drawdown) are also average values for that block. An 
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Figure 22.--Finite-difference qrid for the North Carolina Coastal 
Plain aquifer system flow model. 
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assumption inherent in this approach is that the Cartesian coordinate axes x 

and y are aligned with the principal components of the transmissivity tensor 

T and T 
XX yy 

Hodel Boundaries 

The confined aquifers (A9-Al) thin to extinction at their westernmost 

limit (near the Fall Line). Therefore, the westernmost limit of each 

aquifer is treated as a no-flow boundary. The westernmost limit of the 

surficial aquifer (AlO) coincides with the westernmost limit of the North 

Carolina Coastal Plain study area and is also treated as a no-flow boundary. 

The eastern limit of of fresh ground-water flow system is assumed to be 

at an equal concentration line where the water contains 10,000 mg/L of 

chloride, and the line is also treated as a no-flow boundary. Where this 

concentration line occurs in each aquifer within the model area is referred 

to as the freshwater-saltwater boundary. It is important to note that this 

assumption is considered valid only in areas where there are negligible 

drawdowns due to pumping at or near the freshwater-saltwater boundaries. 

Where a layer's freshwater-saltwater boundary occurs outside the model area, 

the eastern model boundary for that layer is a specified-flux boundary with 

fluxes being supplied by the regional model. In this report, the eastern 

limits of the aquifers are shown only if they occur over land, although the 

aquifers were actually modeled to their freshwater-saltwater boundaries or 

to the boundary of the model. The upper boundary of each confined aquifer 

is the bottom of its associated confining unit and is treated in the model 

algorithm as if it were a head-dependent flux boundary. 

The bottom boundary of each aquifer is either a head-dependent flux 

boundary (where another aquifer and confining unit are present below) or a 

no-flow boundary (where bedrock or a freshwater-saltwater boundary underlie 

_:the aquifer) . 'Where the modeled area of an aquifer is bounded by the 
~-· 

··.Virginia or South Carolina State borders, these borders are treated as 

-flux boundaries to simulate the movement of water across the State 

Again, the fluxes are supplied from the regional model and simulate 

but also induced flow due to the effects of pumping 

and outside the North Carolina study area. The uppermost active 
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model node at any location represents a stream or lake surface elevation and 

is treated as a constant head node; the lowermost active node at any given 

location represents a freshwater-saltwater boundary or bedrock and is 

treated as a no-flow boundary. 

Hodel Input 

The following sections discuss how aspects of the conceptual model of 

the aquifer system were represented numerically in the flow model input 

requirements. The model input requirements are shown schematically in 

figure 23. Printouts of model input for the calibrated model are available 

from the U.S. Geological Survey, WRD, Raleigh, North Carolina. Many of the 

items discussed under "Model Input" also relate to the water budget aspect 

of the conceptual model of the aquifer system (fig. 3). 

Ground-water recharge 

On a nodal basis, recharge to the surficial aquifer (AlO) was estimated 

to range between 12 and 20 in/yr over the North Carolina Coastal Plain and 

to ~verage nearly 14 in. Each water-table node was given a recharge value 

of 12, 14, 16, or 20 in/yr, based on (1) soil characteristics from U.S. Soil 

Conservation Service maps (Tant and others, 1974), (2) estimates of recharge 

to thick sandy soils by Heath (1980), and (3) estimates of base flow to the 

North Carolina Coastal Plain streams from hydrograph separation using 

techniques developed by Rorabaugh (1964) and Daniel (1976), as described by 

Wilder and Simmons (1982). Maximum recharge rates (fig. 24) occur in the 

Sand Hills area and minimum rates occur generally in the east, where 

surficial soils have a high clay content. 

Streambed leakance 

The exchange of water between the surficial aquifer and a stream 

through the streambed can be expressed for steady-state conditions and on a 

unit area basis by the following equation, which is an expression of Darcy's 

Law: 

(2) 
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UNCONFINED AQUIFER ®®0® 

@ 

CONFINING UNIT ®CD 

@ 

-.( ,. 
FIRST CONFINED AQUIFER ®®Q)® 

@ 

CONFINING UNIT ®CD 

@ 

LOWEST CONFINED AQUIFER @ (t) Q) ®. 

UPLANATION 

® MODEL INPUr REQUIREMENTS 
A Stzqm.IID'face or lake-wrf'ace altitude 

B Wa~table altitude 
C Rechap to wat..r table (QRE) 

D Stream cbazmelleabnce (TK) 

E Trumluanty or 8QUif'• m 
P SpKUic 1ield ar ltorlt&'e coefficieot of aquil'er (S) 
G Deep percolatiGD (DP) 

H Elrecdn thidmeu or COIIfl.ainc umt (b) 

I Vertical b,.U.ulic coDductivity or coufiniq unit (KY) 

J Water-level data required for calibr.tion 
K Cmmd-water pumpap 

~ nowoiRECTION 

23.--Schematic representation of model input requirements. 
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eo• 79° 78" 

36" 

34° 

0 .,AllES 
01------IO.,..._ICI.~Cl'ETVIS=~ 

n• 76" 

EXPLANATION 

AREA OF ESTIMATED RECHARGE 

- Recharp.12 inches per )'UJ' 

- Recharp 14 inehea per year 

~iffil Recharp 16 inches per ,.ar 

0 Rec:harp 20 inches per ,.ar 

i!ii AREA WHERE RECHARGE WAS Nor 
ES'l'IMATED 

Figure 24. --E:st:imated recharge to :surficial aquifer (A10) from precipitation :. 
(modified from Winner and Coble, 1989). 
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where: 

BF- stream base flow (ground-water contribution to streamflow), 

in cubic feet per day per square foot; 

SL- streambed leakance factor, computed as the ratio of the 

vertical hydraulic conductivity (Kv) of the streambed 

material, in cubic feet of water per day per square foot 

(ft3 /d)/ft2, or ft/d, to the thickness of the 

streambed material (b), in feet, yielding units of 

(ft/d)/ft, or per day; 

h estimated altitude of water table in the surficial aquifer, a 
in feet; 

hs - estimated altitude of stream surface, in feet. 

The average water-table altitude and lowest stream altitude within each 

appropriate block were estimated from 1:24,000 and 1:62,250 scale U.S. 

Geological Survey topographic maps. The lowest stream altitude for each 

block was chosen because it was considered the "controlling" elevation 

governing flow from the surficial aquifer (AlO) to the stream system. Base 

flow was determined from the following equation, which is for steady-state 

conditions: 

BF - QRE ± DP 

where: 

BF- stream base flow, in cubic feet per square foot per.day; 

QRE- ground-water recharge to·the surficial aquifer, in feet per 

second; 

(3) 

DP - deep percolation into or flow out of the underlying confined 

aquifer system, in feet per day. 

Ground-water recharge (QRE) was determined for and input into each 

described earlier in the "Ground-Water Recharge" section of this 

Deep percolation (DP) was calculated for each block from 

ations for predevelopment steady-state conditions in which the water 

was treated as a constant-head boundary. Average base flow for each 
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block could then be calculated from equation (3) above, and the resulting 

base-flow value substituted into equation (2) to solve for streambed 

leakance (SL). A constant-head value equal to the stream altitude value was 

then assigned to each node overlying the water table. This procedure 

allowed fairly realistic simulation of water-table behavior during transient 

simulations. For example, as the water table is drawn down due to pumping 

from a confined aquifer below, base flow to streams is reduced; if the water 

table is drawn down below stream level, induced infiltration takes place, 

and the stream "recharges" the surficial aquifer. 

The mechanics of simulations involving streams and streambed leakance 

are discussed in more detail in the "Model Calibration" section of this 

report; the important points here are the mechanics of calculating streambed 

leakance and the recognition that the streambed leakances are not reflective 

of leakances of real streambeds, but represent an "effective" streambed for 

an entire block. Thus, "model" streambed leakances (fig. 25) are much less 

than "real" streambed leakances. The distribution of streambed leakance 

values used as model input are shown in figure 25. 

TrBnSlllissivity of aquifers 

Transmissivity (T) is equal to ~b, where ~ is the horizontal 

hydr~ulic conductivity of the aquifer and b is the thickness of the aquifer. 

The model employs the units of feet squared per second for transmissivity, 

but it is reported in units of feet squared per day (ft2 /d) in the text. 

Initial estimates of transmissivity for model input were determined 

primarily from examination of geophysical logs. The character of the 

permeable material within each aquifer was interpreted from the logs, and a 

horizontal hydraulic conductivity (~) value of the aquifer material was 

assigned to the unit, roughly according to guidelines given in Morris and 

Johnson (1967, table 5). Average values of~ determined in this manner 

ranged from 22 ft/d in the Yorktown aquifer (A9) to 65 ft/d in the Castle 

Hayne aquifer (A7) (Yinner and Coble, 1989.). The hydraulic conductivity 

was then multiplied by the thickness of permeable ~terial within each 

aquifer to arrive at a transmissivity value. Clay and silt layers were not 

included as part of aquifer thickness in computing T. The character of the 
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More thaD 0.0025 

AREA WHERE STREAMBED 
LEAKANCE WAS NOT DETERMINED 

,, , . _Figure 25. --Distribution of estimated streambed leakance. 
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permeable material was verified from geologists' logs where available. 

Where available and appropriate, existing aquifer-test data were used to 

confirm the transmissivity values. 

Maps showing transmissivity used in model simulation after calibration 

for aquifers A9 through Al are shown in figures 26 through 34. Transmis

sivities diminish to zero at the western limits of all units except the 

surficial aquifer (AlO). Maximum transmissivities of slightly more than 

200,000 ft 2 /d occur in the Castle Hayne aquifer (A7) (fig. 28). Maximum T 

values in other aquifers seldom exceeded 10,000 ft 2 /d. The rationale for 

varying transmissivity during the calibration process is discussed under 

"Model Calibration." 

Storage coefficient of aquifers 

-4 In this study, a storage coefficient value of 1 x 10 was assigned to 

all active nodes in confined aquifers; for unconfined conditions, values 
-1 -1 ranging from 1 x 10 to 1.5 x 10 were used. Results from aquifer tests 

in the North Carolina Coastal Plain indicate that 1 x 10-4 is of the correct 

order of magnitude for a storage coefficient value for a confined aquifer. 

Leakance of confining units 

In the model used for this study, confining units were not represented 

as separate layers. Rather, the effects of vertical flow through confining 

units were incorporated in the vertical components of flow in the adjacent 

aquifers by use of a leakance term (TK) defined as the ratio of Kv /b for 

each confining unit, where K is the vertical hydraulic conductivity of the 
v 

confining unit and b is its effective thickness. 

The effective thickness of confining units was often less than the 

total thickness because most confining units contain thin layers of 

permeable material. The thickness of permeable layers within each confining 

unit was subtracted from the total confining-unit thickness to arrive at an . 

effective thickness. Yinner and Coble (1989) give effective thickness 

each confining unit identified in the North Carolina Coastal Plain. 

c 
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Figure ~6.--Tranamiseivity of the Yorktown aquifer (A9) 
used in model simulations. 
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80" 79° 78° 

0 SURfS 

n• 76° 

EXPLANATION 

.. PUNGO RIVER AQUIFER NOT PRESENT 

-100- IJNB OF EQUALTBANSMISSIVn'Y-Internl, 
m reet eqUanc~ per dq, 1a ft!'iah&e 

.._ ___ IO~ICI.-OIIETt--'111 
0 

Figure 27 .--Transmissivity of the Pungo River· (A8) 
used in model simulations. 
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Figure 28.--Trans~ssivity of the Castle Hayne aquifer (A7) 
used in model simulations. 
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BEAUFORT AQUIFER NOT PRESENT 

AQUIFER TRANSMISSIVITY NOT DETERMINED-Water 
Ia aqaifer amtama 10,000 llliJHcr'aml per liter chloride, 
or more 

LINE OF EQUAL TRANSMISSIVITY-Interftl, in 
reet lqiWed per day, ill ftriable. Hachured where 
trenamiuivit,y ia leU than IUlTOWiclinc area 

Figure 29.--Transmissivity of the Beaufort aquifer (A6) 
used in model simulations. 
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Figure 30.--Transmissivity of the Peedee aquifer (AS) 
used in model simulations. 
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Figure 31.--Transmissivity of the Black Creek aquifer (A4) 
used in model simulations. 
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32.--Transmissivity of the upper Cape Fear aquifer (A3) 
used in model simulations. 
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Figure 33.--Transmissivity of the lower Cape Fear aquifer (A2) 
used in model simulations. 
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34.--Transmissivity of the Lower Cretaceous aquifer (Al) 
used in model simulations. 
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As previously mentioned, the model assumes all flow in aquifers to be 

horizontal and all flow in confining units to be vertical. It was 

recognized, however, that in many places within zones designated as aquifer 

material, the thickness of clay is significant, and this clay often 

functions as an impediment to vertical flow. A more realistic simulation of 

the flow system was obtained by incorporating the effects of clay within 

aquifers into the leakance terms. Accordingly, total effective thickness 

(b) values for each confining unit were generated (figs. 35-43) which 

represented the sum of (1) effective confining unit thickness, (2) one-half 

the thickness of clay beds in the aquifer above the confining unit, and (3) 

one-half the thickness of clay beds in the aquifer below the confining unit. 

At some locations shown in figures 35-43 where the confining unit is 

designated as not present (particularly in stream valleys), the clay within 

aquifers concept was used to assign an effective clay thickness for modeling 

purposes. 

Initial values for Kv' representing the vertical hydraulic conductivity 

of confining unit material, were based on appraisals of confining unit 

e.ffectiveness derived from geophysical logs, differences in head between 

aquifers above and below the confining unit, and chemical analyses, using as 

a guideline values of vertical hydraulic conductivity for various materials 

given by Morris and Johnson (1967, table 6). These initial values ranged 
-3 6 from 1 x 10 ft/day to 4 x 10- ft/day. 

At many locations, two or more confining units need to be considered 

for modeling purposes as occurring between two non-sequential aquifers (case 

A in fig. 44). For example, the lower Cape Fear aquifer (A2) may be present 

and directly above it the lower and upper Cape Fear confining unit (CU2), 

and the Black Creek aquifer (A4) may be present. The upper Cape Fear 

aquifer (A3) and upper Cape Fear confining unit (CU3) are missing in this 

example. In this situation the lower Cape Fear confining unit (CU2) is 

considered as being composed of two confining units: half of the effective 

thickness belonging to the lower Cape Fear confining unit (CU2) and the 

other half belonging to the upper Cape Fear confining unit (CU3), even 

though the upper Cape Fear confining unit (CU3) is not present. In general, 

the confining unit is divided into N + 1 equal parts, where N is the number 

of missing aquifers. Although the transmissivity of the missing aquifers is 
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35.--Effective thickness of the Yorktown confining unit (CU9). 
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Figure 36.--Effective thickness of the Pungo River confining unit (CUB). 
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Figure 38.--Effective thickness of the Beaufort confining unit (CU6). 
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Figure 39.--Effective thickness of the Peedee confining unit (CUS). 
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Figure 40.--Effective thickness of the Black Creek confining unit (CU4). 
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41.--Effective thickness of the upper Cape Fear confining unit (CU3) . 
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Figure 42.--Effective thickness of the lower Cape Fear confining unit (CU2). 
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zero at these locations and no horizontal flow can occur, the modified 

version of the Trescott flow model used in this study (described in detail 

by Leahy, 1982) allows for vertical movement of water at these locations. 

AOUIFERA4 

CONFINING UNIT CU3 

CONFINING UNIT CU2 

AQUIFERA2 

CASE A 

AOUIFERAB 

AOUIFERA7 

CASEB 

Figure 44.--Schematic diagram illustrating aquifer or confining unit 
pinchout as applied to model structure. 

The opposite situation is where a confining unit is missing and two 

aquifers are in direct contact (case Bin fig. 44). This condition was 

simulated by arbitrarily assigning small confining unit thicknesses ranging 

from 0.01 to 0.001 ft. This occurs mostly in stream valleys where the 

surficial aquifer (AlO) is in direct contact with an underlying aquifer and 

results in high leakance values. A notable exception is in the western 

Pamlico Sound area, where the Pungo River aquifer (AS) is in direct contact 

with the underlying Castle Hayne aquifer (A7). 
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The leakance (TK) values for the confining units from the calibrated 

model are shown in figures 45 through 53. The rationale for varying 

leakance values during calibration is discussed in the "Model Calibration" 

section later in this report. 

Ground-water withdrawals and time discretization 

In order to simulate the behavior of the North Carolina Coastal Plain 

aquifer system through time, it was necessary to develop pumpage histories 

for major ground-water users, that is users who withdraw 100,000 gal/d 

(gallons per day) or more. This information was gathered primarily from 

interviews with personnel of public-supply systems and self-supplied 

industries during 1982-83 and was supplemented by existing reports and data 

of the U.S. Geological Survey (Robison (1977) and Robison and Mann (1977)), 

the North Carolina Department of Environment, Health, and Natural Resources, 

formerly called the North Carolina Department of Natural Resources and 

Community Development (North Carolina Department of Natural Resources and 

Community Development, 1983), and the North Carolina Department of Human 

Resources. 

Withdrawals by more than 115 public supplies and industries included in 

the survey exceeded 195 Mgal/d in 1980, doubling about every decade since 

1940 (fig. 54). The largest single user is~ phosphate-mining and chemical

production operation in Beaufort County, which began withdrawals in 1965 at 

a rate of 31 Mgalfd. By 1980, withdrawals for this operation had leveled 

off at a rate of about 64 Mgal/d. Sharp declines in pumpage in 1944, 1945, 

1961, and 1964 are entirely due to decreases in pumpage at two rock quarries 

in Onslow and Craven Counties; sharp increases in 1945 and 1958 are due to 

pumpage increases at these same two quarries. 

To simulate the flow system over time, the period from January 1, 1900, 

to January 1, 1981, was divided into 10 time periods; within each period 

pumpage is treated as a constant. The 10 time periods chosen are listed on 

page 81. 
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Figure 45.--Model-derived leakance (TK) of the Yorktown 
confining unit (CU9). 
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Figure 46.--Model-derived leakance (TK) of the Pungo River 
confining unit (CU8). 
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Figure 47.--Model-derived leakance (TK) of the Castle Hayne 
confining unit CCU7) • 
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Figure 48.--Model-derived leakance (TK) of the Beaufort 
confining unit (CU6). 
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Figure 49.--Model-derived leakance (TR) of the Peedee confining unit (CUS). 
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Figure 50.--Model-derived leakance (TK) of the Black Creek 
confining unit (CU4). 
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Figure 51.--Model-derived leakance (TK) of the upper Cape Fear 
confining unit (CU3) • 
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Figure 52.--Model-derived leakance (TK) of the lower Cape Fear 
confining unit (CU2). 
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Figure 53.--Model-derived leakance (TK) of the Lower Cretaceous 
confining unit (CUl). 
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Time ;Eeriod Inclusive dates Length of time ;[!eriod 

1 1900-1920 21 years 

2 1921-1939 20 years 

3 1940-1945 6 years 

4 1946-1952 7 years 

5 1953-1957 5 years 

6 1958-1964 7 years 

7 1965-1967 3 years 

8 1968-1972 5 years 

9 1973-1977 . 5 years 

10 1978-1980 3 years 

The locations of withdrawals greater than 100,000 gal/d are shown for all 

aquifers above the Lower Cretaceous aquifer (Al) in figures 55-63. (There 

are none in the Lower Cretaceous aquifer within North Carolina.) Table 2 

shows the 1980 pumpages by aquifer. 

200 rr-1 -----,1-------r-1 ----~,-------r-,----~,-------r-1 ----~,-------.n 

0 

150 
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r 
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~~I 
I ~ 0 

/ 
f1tri 

.·' 0 ~1•lliJ.I:QJ;J;~--CQ;n;)m~ --~~~:!:~~J...[~:_IL_ ___ L_I ___ l_l ___ l_I ___ J! 

1900 1920 1940 1960 1980 
Figure 54~--Ground-water pumpage in the North Carolina Coastal Plain, 

1900-80, for users of more than 100,000 gallons per ~ay. 
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Figure 55.--Locations of withdrawals greater than 100,000 gallons per day 
for the surficial aquifer (AlO) for 1980. 
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Figure 56.--Locations of withdrawals greater than 100,000 gallons per day 
for the Yorktown aquifer (A9) for 1980. 
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Figure 57.--Locations of withdrawals greater than 100,000 gallons per day 
for the Pungo River aquifer (AS) for 1980. 
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58.--Locations of withdrawals greater than 100,000 gallons per day 
for the Castle Hayne aquifer (A7) for 1980. 
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Fi~ure 59.--Locations of withdrawals greater than 100,000 gallons per day 
for the Beaufort aquifer (A6) for 1980. 
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60.--Locations of withdrawals greater than 100,000 gallons per day 
for the Peedee aquifer (AS) for 1980. 
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Figure 61.--Locations of withdrawals greater than 100,000 gallons per day 
for the Black Creek aquifer (A4) for 1980. 
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62.--Locations of withdrawals greater than 100,000 gallons per day 
for the upper Cape Fear aquifer (A3) for 1980. 
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Figure 63.--Locations of withdrawals greater than 100,000 gallons per day 
for the lower Cape Fear aquifer (A2) for 1980. 
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Table 2.--North Carolina ground-water pumpage by 
aquifer in 1980 

Model 
layer 
number 

AlO 
A9 
AS 
A7 
A6 
AS 
A4 
A3 
A2 
Al 

North Carolina 
aquifer names 

Surficial aquifer 
Yorktown aquifer 
Pungo River aquifer 
Castle Hayne aquifer 
Beaufort aquifer 
Peedee aquifer 
Black Creek aquifer 
Upper Cape Fear aquifer 
Lower Cape Fear aquifer 
Lower Cretaceous aquifer 

Total pumpage 

1980 pumpage, 
in millions of 
gallons per day 

0.3 
2.9 
1 

136 
.1 

3.5 
36.6 
12.3 

2.9 
0 

195.6 

The pumpage survey conducted as a part of this study is considered to 

be fairly complete for large public and industrial ground-water users, but 

no irrigation water-use data was included in the survey. Ground-water used 

for irrigation represents a small but rapidly increasing component of total 

water use in the North Carolina Coastal Plain, and only one published 

inventory (North Carolina Department of Natural Resources and Community 

Development and U.S. Water Resources Council, 1983) presently exists. For 

calibration, wells were selected that were unaffected by irrigation pumping. 

In addition, much of the ground water used for irrigation purposes is 

withdrawn from the surficial aquifers and such withdrawals have little 

effect on the deeper confined aquifer system. Therefore, it is believed 

that the lack of irrigation pumpage data does not affect the values for 

transmissivity and confining-unit leakance arrived at through the 

calibration process. 

records prior to 1975 are incomplete and were estimated partly 

basis of population. Prior to the 1950's, many ice plants in and 

~,,un.u the major cities of the North Carolina Coastal Plain used large 

of ground water (1 Mgal/d or more); however, these plants have been 

~A~~•au since the 1950's. The effects of these and other unmeasured 

on 1980 water levels are judged to be small, largely because 

rates induced by these withdrawals have replaced much of the 

decades earlier. 
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Model Calibration 

Procedures 

Calibration of the North Carolina Coastal Plain ground-water flow model 

was a trial-and-adjustment procedure whereby model input was varied, and the 

resulting model output was compared to observed values. The process was 

repeated to minimize the difference between computed and observed values, 

until the computed results agree with observed values to within some 

acceptable degree of accuracy. Generally, calibration was considered 

acceptable for purposes of this study when 1980 computed water levels were 

within 15 ft of water levels measured in 1980. 

A number of calibration simulations were made to determine how well the 

North Carolina Coastal Plain ground-water flow model was able to simulate 

actual records of water levels both in pumped and unpumped areas of the 

North Carolina Coastal Plain and to indicate where further adjustments to 

model parameters might be needed. Where calibration was judged inadequate, 

hydrogeologic, hydraulic head, and water-quality data were analyzed to 

determine the cause or causes. Often, poor initial estimates of model 

parameters were suspected of being the primary cause of poor water-level 

matches. Adjustments of the model parameters were made and new simulations 

performed. Again, computed water levels were compared with observed values. 

Thus, an adjustment process involving several repetitions was employed in 

model calibration. The parameter most often adjusted was leakance of 

confining units (TK), followed by transmissivity of the aquifers (T). The 

other major hydraulic property represented in the model, storage coefficient 

(S), was not varied during the calibration process because the model was 

found not to be sensitive to changes in the values of the storage 

coefficient. Other model variables that were varied during the course of 

model calibration were the altitude of the water table, model-boundary 

fluxes, location of freshwater-saltwater boundaries, and pumping rates. 

Large changes in leakance values from initial estim~tes (an order of 

magnitude or more) were considered justlfied because the vertical conduc

tivity of confining units is not well known. However, changes in transmis

sivity were limited to no more than three times as much or no less than one-., 
third as much as initial estimates because probable errors in initial 

estimates were much smaller than probable errors in estimates of leakance. 
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As a result of sensitivity analyses performed early in model 

calibration, it was found that changing transmissivity values produced large 

changes in computed heads near pumping centers, but away from pumping 

centers changes were small; changes in leakance of confining units also 

produced large changes in computed heads near pumping centers, but the 

changes away from pumping centers were often significant, too. If the 

computed water levels were too high or too low very near the pumping 

centers, but not elsewhere, a transmissivity problem was suspected. If 

computed water levels were found to be generally too high or too low in a 

given layer over a large area, a leakance problem was suspected. The 

vertical flow system was then examined to estimate what changes in model 

parameters would be most likely to result in better water-level matches, not 

only in the layer in question, but also in the underlying and overlying 

layers. 

In selecting wells with water-level records for calibration purposes, 

areas which have experienced water-level declines very close to freshwater

saltwater boundaries (10,000 mg/L chloride concentration) were avoided. One 

model assumption is that the freshwater-saltwater boundary is a no-flow 

boundary. This assumption is not valid in areas where pumping may have 

induced flow of saltwater toward the pumping well, and it was felt that 

attempts to match hydrographs in such areas would be unrealistic. Full 

consideration of movement of saltwater requires. a ground-water flow model 

capable of simulating waters of varying density and_is beyond the scope of 

this study. 

The assumption of no flow across the freshwater-saltwater boundaries is 

of particular concern in parts of aquifers Al through A4 and part of A6, 

vhere simulated drawdowns near the freshwater-saltwater boundary commonly 

In these areas, actual drawdowns would likely be 

than those simulated by the model. As a result, the confidence in 

1 results (calibrated parameters) and predictions are less in these 

The reader is referred to Leahy and Martin (in press) for a detailed 

;~•~,~sion of the effect of the no-flow assumption for the freshwater

results of the regional ground-water flow model 

northern Atlantic Coastal Plain. 
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When testing model parameters during the course of model calibration, 

the usual procedure was to make three simulations. The first simulation was 

for steady-state prepumping conditions with water-table heads fixed at 

constant values indicative of average long-term natural conditions. 

Boundary fluxes were provided by the regional model, which was frequently 

updated with refined flux values derived from each State subregional model. 

Model output from this first simulation included flux between the water 

table and the topmost confined aquifer. This flux can be thought of as the 

deep percolation (DP) term of equation (3), which is the total ground-water 

recharge (QRE) minus base flow of streams (BF). 

The quantity QRE for each node was determined as described earlier in 

the "Model Input" section of the report. Subtracting or adding DP to this 

value (depending on the direction of vertical flow) gave BF for each node. 

Knowing also the altitude of the water table, h , and the lowest stream 
a 

altitude in each node, hs' equation 2 could be solved for streambed leakance 

(SL). An eleventh (artificial) layer representing streams was then added to 

the model. The head at each stream node was set at the constant head, h , 
s 

and the calculated value of SL was used as the TK value for use between the 

stream layer and the water-table layer. Recharge (QRE) was added to the 

surficial aquifer (AlO) and a steady-state nonpumping simulation was made. 

The advantage of adding a layer representing streams is that, in later 

stressed simulations, the water levels are free t9 fluctuate within the 

surficial aquifer due to stresses either in it or in underlying aquifers. 

This results in a more realistic simulation of the surficial aquifer 

response to pumping stresses than in simulations where the water table is 

held constant. 

A pumping simulation was then made, designed to simulate aquifer 

response to pumpage over the 10 pumping periods discussed earlier in the 

section "Ground-Water Withdrawals and Time Discretization." Simulated 

hydrographs were compared to observed hydrographs for both prepumping and 

pumping conditions. A significant feature of the simulated hydrographs is 

that discretization error was reduced by computing heads at well locations, 

most of which are not at grid centers. This method of head computation 

involves solution of the common three-point problem as shown in figure 64. 
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~~~1~----------------~----------------------J 
EXPLANA TJON 

1. locate three computed heads (h) at grid nodes that form a triangle ABC 
enclosing an off-node point of interest D. 

2. Find the direction of ground-water flow and hydraulic gradient in the plane 
defined by the apexes of the triangle: 

• locate the triangle apex that has the 
intermediate water level B. 

• By linear interpolation, find the point 
on the side opposite E that has the 
same water level as B. 

• Draw line BE. This is a line of equal 
water level, 35 ft (feet) in this case. 

• Draw a line perpendicular to the equal 
water-level line BE that passes through 
either the the apex of the higher or 
lower water levels. The resulting line CF 
represents the direction of the hydraulic 
gradient. Calculation of the gradient is 
as follows: 

50-35ft he. he 
----- , or • 0.00085 foot per foot. 
distance CF 17,556 ft 

3. Draw a line parallel to the direction of the gradient that passes through 
the point D at which the head Is to be computed. 

4. Measure distance from a point of known head G to point at which head 
is to be calculated (line DG). · 

5. Knowing the hydraulic gradient (0.00085 foot per foot), the head at point 
G (35ft), and the distance along flow path at DG (8,316 ft), the head 
at point D (h0 ) may be calculated: 

h0 -35ft 
---- - 0.00085; h0 - 42.07 ft. 

8,316 ft 

14.--Diagram showing method ot computing heads at off-node location~. 
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Results 

As previously mentioned, leakance (TK) of confining units was adjusted 

more often and to a greater degree than any other model parameter. Computed 

heads were found. to be significantly sensitive to changes in this parameter. 

At the same time, large leakance adjustments of as much as two orders of 

magnitude could be justified in many instances because estimated initial 

values of this parameter were subject to more uncertainty than any other 

model parameter. Part of this uncertainty has to do with the difficulty in 

distinguishing silt from clay on geophysical logs, and part has to do with 

the discontinuity of some confining units which often cannot be estimated 

from interpolation between geophysical logs collected at widely-spaced 

locations. 

Trial and adjustment model calibration indicated a general tendency for 

vertical hydraulic conductivity of confining units, K , to decrease with v 
increasing depth and with increasing distance downdip. The tendency for the 

decrease with depth is reflected by minimum Kv values in table 3 and is 

thought to be partly related to greater compaction of the silts and clays 

due to the greater weight of overlying sediments and the greater time for 

compaction. The tendency for decreasing Kv with increasing distance downdip 

follows from this because, downdip, sediments of a given aquifer are 

generally more deeply buried; and there may also be a general downdip change 

from coarse clastic to fine clastic to marine facies (LeGrand, 1961). A 

countertendency to this decrease of Kv with increasing depth and distance 

downdip may occur where nonmarine sediments are present, such as in large 

parts of the lowermost confining units CUl, CU2, and CU3. There, beds 

comprising the confining units are more likely to be discontinuous and, 

therefore, provide less resistance to vertical movement of water than 

suggested from the thickness of confining-unit material indicated on 

geophysical logs. Hence model values of·Kv may be higher there (and 

elsewhere) than might be expected for silt or clay in order to reflect 

discontinuities. 

Transmissivity (T) was varied less often than leakance during model 

calibration. Initial estimates of T were changed for three aquifers during 

the course of model calibration--the Castle Hayne aquifer (A7), the Black 
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Creek aquifer (A4), and the upper Cape Fear aquifer (A3). Initial values of 

transmissivity for the Castle Hayne aquifer in Beaufort County, which were 

estimated from geophysical logs, gave computed heads which were tens of feet 

lower than observed heads. When transmissivity values were increased by a 

factor of 2.5 in that area, matches were much closer and were in better 

agreement with aquifer tests reported by DeWiest and others (1967). No 

attempt was made to calibrate for transmissivity values in the surficial 

aquifer (AlO). 

Table 3.- -Ranges of vertical hydraulic conducth·ity 
(K ) of confining unlts for the calibrated model 

v 

Vertical hydraulic conductivity of 
confining units (Kv)' in feet per day 

Model 
layer 
number Maximum values Minimum values 

9 6.98 X 10-3 6.82 X 10- 3 

8 7.94 X 10-3 3.90 X 10- 3 

7 9.07 X 10-4 3.01 X 10-4 

6 5.88 X 10-4 1.46 X 10-4 

5 3.89 X 10-4 
7. 71 X 10-5 

4 2. 77 X 10-4 3.42 X 10- 5 

3 2.52 
. -6 

6.84 X 10 

2 4.96 X 10-1 4.13 X 10-6 

1 2.88 X 10-4 4.04 X 10-5 

For the block representing the Castle Hayne aquifer (A7) at Lee Creek 

column 37), modeled transmissivity was 41,200 ft 2 /d for an aquifer 

of about 340·ft (inferred horizontal hydraulic conductivity is 

121ft/d). Values derived by DeWiest and others (1967, p. 94) from 

indicate a higher transmissivity near Lee Creek of 52,100 
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ft 2 /d for an assumed formation thickness of 300 ft (inferred hydraulic 

conductivity of 174ft/d). A limitation of the test reported by DeWiest and 

others (1967) is that the pumped well used in the test was open only to the 

top 44 ft of the Castle Hayne aquifer. Such a test may not yield hydraulic 

conductivities representative of the entire aquifer thickness. Thus, the 

lesser hydraulic conductivity calibrated for the Castle Hayne aquifer near 

Lee Creek is not unreasonably low compared to values reported by DeWiest and 

others. Also, the model-derived Castle Hayne aquifer (A7) transmissivity 

value at Lee Creek is very close to that derived by Sherwani for the Lee 

Creek area (40,100 ft 2 /d) for use in his digital model (Sherwani, 1973, p. 

58). 

A 50-percent reduction in T from initial estimates everywhere in both 

the Black Creek aquifer (A4) and the upper Cape Fear aquifer (A3) resulted 

in generally better matches of computed heads with observed water levels. 

Apparently, silty clays interbedded with coarse sands in the deeply buried 

nonmarine and marginal-marine sediments of these aquifers were more 

effective in reducing the horizontal hydraulic conductivity, ~· of the 

aquifer material than was first thought from examination of the geophysical 

logs (M.D. Winner, Jr., personal commun., September 1985). Thus, initial 

estimates of~ were higher than final calibrated values. 

A layer-by-layer summary of differences between observed and computed 

water levels for December 31, 1980, is given in table 4. The average 

difference between computed and observed water levels for 191 water-level 

observation wells was slightly less than +1.6 ft. Detailed comparisons of 

computed and observed values over time were also made. Nearly 240 computed 

hydrographs were compared with observed hydrographs. Figures 65-69 show 

selected hydrograph comparisons made during the course of model calibration. 

Those shown were chosen on the basis of length of record and a balanced 

geographic and aquifer distribution. 

A number of poor matches of computed and observed water levels were 

attributed to discretization scale rather than to poor estimates of 

hydrologic parameters. For example, drawdowns due to pumpage are treated by 

the model as if water levels are drawn down evenly over an entire block, 
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rather than as a cone of depression around a pumped well, and the three

point method illustrated in figure 64 does not completely correct for this 

where grid size is large. The coarse model grid makes errors from this 

source significant, particularly when computed values for a node are 

compared to values for an observation well located very close to a pumping 

well. 

Table 4.--Summary of differences between computed and observed 
water levels for December 31, 1980 

Average difference in water levels, in feet. Values represent 
cornEuted minus observed diffe~e~ces. 

Model Positive (+) Negative (-) 
Aquifer layer All differences differences only differences only 
names nU~:~ber 

Number of Average Number of Average Number of Average 
values difference values difference values difference 

Yorktown A9 27 +1.4 16 +4.5 11 -3.4 

Pungo River A8 3 +4.2 3 +4.2 0 

Castle Hayne A7 47 +2.4 32 +7.3 15 -7.8 

Beaufort A6 5 +2.7 " +5.2 -7.2 

Peedee AS 28 +0.2 12 +21.2 16 -8.1 

Black Creek A4 34 -1.0 14 +15.1 20 -12.4 

Upper Cape Fear A3 30 +7.3 21 +13.5 9 -7.3 

Lower Cape Fear A2 16 -5.o 5 +12.3 11 -12.9 

Lower Cretaceous AI 1 +14.8 1 +14;8 0 

The scale of discretization is probably also responsible for several 

poor hydrograph matches in the Sand Hills area (fig. 1). Topographic relief 

and water-table gradients are greater in the Sand Hills region than in any 

other part of the North Carolina Coastal Plain, but the model grid is not 

enough to adequately reflect this variation. Thus, matches of computed 

observed water levels were generally poor in this area, and the degree 

which the model can be considered calibrated is much less for the Sand 

region than for other parts of the North Carolina Coastal Plain. One 

tical consequence of this situation is that the accuracy of estimates of 

l parameters given by the flow model for the Sand Hills area is more 

rtain than elsewhere. Future ground-water modeling studies of the Sand 

la region could obtain better results by utilizing a much finer model 

than that used in this study. 
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A. Gaskins observation well in the Yorktown (A9) aquifer 
38 Model node: row 32, column 31 (fig. 22) 

37 

36 Simulated -------------------------------------------..---

35 

34 -Observed 

4r---~,-----T.---~T~--~,-----r-l--~l~---.l--~-.,----~ 

B. Sadler observation well in the Pungo River (AS) aquifer 
Model node: row 28, column 41 (fig. 22) 

. Simulated Observed 
·3 f-------- --------------------------------.. I 

~ ---l r 
2~ ~?~R, 

-

-

1~----~'---~'------~'~----~~----~·------~·~----~·--~·~---~ 
1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 

Figure 65.--observed and simulated water levels in (A) the Yorktown 
and (B) the Pungo River aquifers. 
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A. Creswell observation well in the Castle Hayne (A7) aquifer 
. Model node: row 16, column 36 (fig. 22) ... l 

Simulated ----------------------- _...._ ____________ __ 
---~ 

----------- Simulated -------------l 
I ---~----- .... ---, 

' B. EHNR Arapahoe research station observation well ' ... -""' 
us in the Castle Hayne (A7) aquifer. Model node: row 33, 
column 40 (fig. 22) 

/Observed 

1990 

.--observed and simulated water levels in the Castle Hayne aquifer 
· at (A) the Creswell observation well and 

(B) EHNR Arapahoe research station well uS. 

101 



I 
I 
I 
I. 
I 
I. ..1 w 

~ 

I. ..1 

~ 
Cf) 

w 

I ~ 
m c 
Iii I. w u. 

= J w 

I ~ ... 
a: 

I ~ 
~ 

I 
I· 
I 
I 
I: 
I. 
I 
I 

-------------- ... '... Simulated 
.._ --------, ___ "'""' 

20 ' ... .... __ , 
... ....... 

A. USGS observation well NC-58 in the Beaufort (AS) ', 
aquifer. Model node: row 13, column 28 (fig. 22) .... _"'\ 

\ 

18 ' .. 1 ... \\ 
16 . 

14 Observed-

M r-------,r-----,,------~,-------r-,------r-,------,r-------,r-------r-,---~ 
r--------------, Simulated '----------, 

82 r-

""-- ........ --, 
\ 
\ 

B. USGS observation well NC-51 In the Peedee (AS)''" Obse ed 
aquifer. Model node: row 42, column 29 (fig. 22) '',,_

0

-w IV 

,J~ 
~\~ 

80-

78 ~ 

76 ~---~·~---~·-------~·-----~'-----L-1 ---~1~--~·~------·~---~ 
1900 1910 1920 1930 1940 1950 1960 1970 1980 

Figure 67.--0bserved and simulated water levels in the 
and (B) Peedee aquifers. 
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A. Composite record from 7 observation wells at 
Clinton in the upper Cape Fear (A3) aquifer 
Model node: row 48, column 22 (fig. 22) 
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Figure 69.--0bserved and simulated water levels in the (A) upper 
and (B) lower Cape Fear aquifers." 
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One measure of the degree to which the model can be considered 

calibrated is the density of calibration points that were used. By this 

criterion, the Castle Hayne aquifer (A7) would be considered the best 

calibrated layer (particularly near the large cone of depression centered 

just north of Aurora in Beaufort County), whereas the Lower Cretaceous, 

Beaufort, and Pungo River aquifers (Al, A6, and A8) would be among the least 

well calibrated. 

The Cape Fear Arch Saltwater Reentrant 

An unusual landward reentrant of water containing high chloride 

concentrations (equa~ to or greater than 10,000 mg/L) has been delineated in 

the Wilmington area by Winner and Coble (1989) in the upper and lower Cape 

Fear aquifers (A2 and A3). This reentrant is shown in figures 32 and 33 by 

northwestward bulge or point in the 10,000 mgfL chloride concentration 

, which is considered to be a no-flow boundary in this study. The 

tence of the reentrant is supported by the work of LeGrand (1955) Who 

brackish water springs more than 20 ft above sea level as far 

~.~a.u as Bladen County, and by Meisler (1981) who mapped the position of 

:saltwater in aquifers of'the North Atlantic Coastal Plain. The 

t'Pltttt=an.t overlies the Cape Fear Arch, Which is a bro.ad southeast trending 

of both bedrock and the overlying sedimentary deposits of the 

Plain (fig. 8). The axis of the uplift is marked 

by the course of the lower Cape Fear River. 

performed during model calibration indicated that 

to flow was needed to s.ustain the unusually high heads in the 

'aquifers in extreme southeastern North Carolina (Peek and 

75) and even higher heads further south along the South Carolina 

'and Speiran, 1985). A barrier might result from the aquifers 

~~~~--· ~ransmissivity in -the Cape Fear Arch area than in surrounding 

ition of such a barrier over the Arch suggests that the 

•··~~~~·affected depositional patterns in the area during Cretaceous 

_, .. &.&I.JC.. 'in deposition of sediments of extremely low transmissivity, 

hydraulic conductivity or near zero thickness, in the 

position of the upper and lower Cape Fear aquifers. However, 

. few wells in the Arch area listed by Winner and Coble (1989) 

of only small reductions in transmissivity of these two 
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The lower Cape Fear aquifer (A2), which exhibits the highest heads, is 

slightly thinner on the northeast side of the Cape Fear Arch than on the 

southwest side (fig. 8), but does not thin enough to cause a major change in 

transmissivity at this location. The upper Cape Fear aquifer (A3) has lower 

transmissivity on the northeast side of the Arch than on the southwest side;· 

this results from lower hydraulic conductivity in this area (Winner and 

Coble, 1989) not a decrease in thickness as might be the case for the lower 

Cape Fear aquifer (A2). The trial simulations revealed that in order to 

sustain the high heads in the lower Cape Fear aquifer (A2) southwest of the 

Arch, a no-flow or nearly no-flow boundary had to be present in the general 

area occupied by the saltwater reentrants shown in figures 32 and 33. 

Adjustment of transmissivity values of the lower Cape Fear aquifer (A2) over 

the Arch to SO percent or less of estimated values (fig. 33) resulted in 

little head buildup southwest of the Arch. 

Because there is no direct hydrogeologic evidence indicating a drastic 

change in the hydraulic conductivity or thickness of the upper and lower 

·Cape Fear aquifers, it may be that the no-flow boundary results instead from 

the presence of dense water containing at least 10,000 mg/L chloride over 

the Cape Fear Arch. The confirmation of either idea (or other ideas) 

concerning the nature of the flow barrier (low-transmissivity sediments or 

saltwater) awaits further data and analyses for support. 

sensitiyit;y An&luis 

Two types of applications of sensitivity analyses are appropriate in · 

modeling studies. The first application is logically performed before model 

calibration to aid in data collection. If this analysis shows that the 

model is not· sensitive to changes in certain parameters in part of the 

modeled area_, efforts to improve parameter estimates there would not improve 

the simulation capability of the model. Conversely, if the initial 

sensitivity analysis shows that the model is sensitive to changes in a 

particular parameter in an area, data-collection activities and analyses to 

better define or verify the parameter values in that area could result in 

improved simulation capability. 
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A second application is performed after calibration to evaluate the 

relation between parameter variability and model response. This is an 

indication of the extent to which calibration is likely to have improved 

parameter estimates and may be a guide in the design of parameter-estimation 

efforts for future modeling studies. The following sections discuss this 

second application of the sensitivity analysis during this study. 

Method of Analysis 

The model response investigated in the sensitivity analysis was 

hydraulic head. The parameters selected for testing were transmissivity, 

storage coefficient of aquifers, and leakance of confining units. 

Transmissivity and leakance values were varied by plus and minus 50 percent 

and plus and minus 90 percent of their estimated values. Storage 

coefficient was varied by plus and minus 90 percent of its estimated value. 

To minimize computer time required for the analysis of transmissivity 

leakance, steady-state simulations utilizing 1980 pumpage values were 

However, as in transient simulations performed for calibration 

~~~1oses, streams were simulated as a constant head layer and the surficial 

(AlO) was simulated as a free surface receiving recharge. Tests 

that heads computed in this manner were similar to 1980 heads 

~P~te1d by transient simulations, indicating that steady-state simulations 

a part of the sensitivity analysis.would provide results similar to 

simulations. However, transient simulations (1900·1980) were made 

~·~•£c the effects of varying storage coefficient, because these results 

-.-··~·~lify the sensitivity analysis, the aquifers and confining units 

into three groups of hydrologically-similar flow systems. Group 

of--the Peedee (AS), Black .. Creek (A4), -upper Cape Fear (A3); 

·(A2), and Lower Cretaceous (Al) aquifers, which are the sarid 

taceous rocks. Group 2 included the Yorktown (A9), Pungo 

Beaufort (A6) aquifers, sand aquifers in Tertiary rocks, 

aquifer parameters, the surficial aquifer (AlO). When 

~u.u~.L1u.u~ unit parameter, the surficial aquifer (AlO) was not 

was solely the Castle Hayne aquifer (A7), which is 
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primarily limestone and sand of Tertiary age. Parameters were perturbed and 

analyzed for each group. The exception was storage coefficient; for this 

parameter, all model layers were perturbed and analyzed simultaneously. 

Results 

Tables 5 and 6 list the mean values (calibrated values) and maximum and 

minimum values of the parameter variations for the three aquifer groups for 

transmissivity, leakance, and storage coefficient. Within each of the three 

aquifer groups, the results of the sensitivity analysis were categorized and 

statistics generated separately for each category. These categories are (1) 

all active nodes, (2) nodes where pumpage occurred (pumpage nodes), (3) 

nodes with no flow in a laterally-adjacent node, (4) nodes with constant 

flux in a laterally-adjacent node, and (5) nodes with constant head in a 

vertically-adjacent node, (category 5 is found only in the surficial aquifer 

(AlO) in group 2). If a given node fell into more than one category, the 

node was omitted from the analysis in all but the active-node category. The 

overall results of the sensitivity analysis are summarized in table 7. 

Table 5.--Rsnge of perturbed values for transmissivity and lesksnce 

Value Group 1 Group 2 

Transmissivity. in feet squared per day 

Mean 
10 percent of mean 
190 percent of mean 

Mean 
10 percent of mean 
190 percent of mean 

2,994 
299 

5,688 

'Lea}cance. 
. -5 3.8 X 10_6 3.8 X 10_5 7.2 X 10 

per day 

2.3 
2.3 

1,758 
176 

3,340 

lo· 2 
X 
X 10"3 

4.37 X 10"2 

4.8 
4.8 

Group 3 

33,030 
3,303 

62,757 

X 
X 

9.12 X 

Table 7 indicates a general tendency for the Cr~taceous sand -~---·-

(group 1) to exhibit a greater degree of head variation for a given 

percentage change in model parameter than the other groups. 

attributed to group 1 nodes representing the deep Cretaceous aquifers 

the least hydraulic contact with the surficial aquifer (AlO). 

aquifer is resistant to changes in head for several reasons. 

unconfined, it has a much larger storage coefficient than the 
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Table 6.--Range of perturbed values for storage 
coefflcl.ent 

Value All groups 

Confined aquifer (dimensionless) 

Mean 
10 percent of mean 
190 percent of mean 

Vnconfined aquifer (dimensionless) 

Mean 
10 percent of mean 
190 percent of mean 

aquifers. Second, in the various simulation schemes described earlier, it 

either receives direct recharge in large amounts or the water table is 

treated as a constant head surface. Normally, most of this recharge goes to 

8 tream nodes with only a small amount recharging the deeper aquifers. 

rft~,·~·er, if the water levels in the surficial aquifer start to decline, less 

this recharge will go to streams, and more is available to sustain the 

level in the surficial aquifer and recharge the deeper aquifers. 

~·•Pt~her, if the water level is drawn down below stream levels, then the 

recharge the surficial aquifer. Thus, the surficial aquifer and 

in close hydraulic contact with it tend to show the least 

vi~ to changes in model parameters .. Table 7 also indicates that 

nodes are the most sensitive to parameter changes. This indicates 

Lu·~~.c ground-water flow modeling studies could best concentrate 

efforts in areas being pumped. 

~~t~ally, the model was fourid to be highly sensitive to changes in 

and leakance near pumping centers. Away from pumping 

model was only slightly sensitive to transmissivi~ changes but 

~~·w_~,·-~~·'tive to changes in leakance (compare mean values for head 

active nodes for transmissivi~ and leakance in table 7). 

~ ~ 

. ~est head difference in the sensitivi~ analysis was for 

~.: in the Cretaceous aquifers (group 1) , where a decrease in 

than 900 ft occurred at one pumping node in the Black Creek 

transmissivity was reduced by 90-percent (fig. 70A). 

109 



- - - - - - - - - - - - - - - --
- .. -·~ ·--. 

Table 7.- -Results of sensitivity analysis 

Cateaory Head change, in feet, for indicated percent change in parameters 
Par-ter of DOd•• 

tea ted 
Group 1 Group 2 Group 3 

-90 -so +50 +90 ·90 -so +50 +90 ·90 -so +50 +90 
2!rcent 2•rcent J!!rcent J!!rcent J!!rcent percent percent percent 2ercent percent percent percent 

Hu 
All ~+! 105 18.1 53.3 77.6 12.0 5.24 3. 70 5.81 15.7 5.59 28.6 32.4 

active 
node• Mean -12.6 -5.05 3.53 5.75 -.01 .004 .001 .002 -.so -.32 .18 .42 

Hu 
H -907 -138 -12.0 -19.2 -18.0 -6.24 -4.52 -7.70 -465 -75.7 -24.2 -4.15 
Hu 
l+l 6.01 2.74 53.3 77.6 .76 .36 .67 1.09 11.7 4.28 28.6 32.4 

Puelptna 
node Mean -91.8 -16.7 7.59 11.5 -.87 -.36 .26 .42 -18.3 -3.17 1.30 1.56 ... ... Hu 

0 Trannhaidty H -907 -138 -2.07 -3.17 -4.53 -1.33 
(T) Hu 

-.27 -.46 -465 -75.6 -2.46 -2.82 

~·1 71.9 18,1 22.1 32.2 4.52 2.13 1.31 2.22 2.24 1.14 1.02 1.20 
Adjacent to 

no flow Mean -6.85 -3.54 2.70 4.43 .11 -.OS -.05 -.08 .14 .06 -.06 -.06 
node Mu 

H -415 -59.5 -12.0 -19.2 -3.05 -1.56 -1.70 -2.78 -2.68 -1.32 -1.03 -1.23 
Hu 
(+! 105 15.1 27.6 41.2 4.33 2.49 I. 70 2.78 1.31 .65 .78 1.05 

Adjacent to 
con8tant fluz He!!J -311.4 -11.0 6.60 10.5 -.27 -.10 .07 .11 -.09 -.18 .26 .36 

node Hu 
H -344 -63.5 -6.58 -10.7 -5.85 -2.26 -2.25 -3.86 -2.49 -.96 -.52 -.62 
Hu 

Vertically l+l 10.0 5.24 1.87 3.25 
adjacent to 

conatant bead Mean .09 -.os -.04 -.08 
node Hu 

l-1 -3.76 -2.03 -4.52 -7.70 
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Table 7. --Results of sensltlvlty analysis--Continued 

Cateaoey Head chana•, in feat, for indicated percent chanse in par-tera 
Par-ter of nod•• 

tutecl 
Croup 1 Croup 2 Croup J 

-90 -.so +.SO +90 -90 -.so +50 +90 -90 -.so +50 +90 
ercent l!!rcant l!!rcant eercent ;eercent e•rcent 2ercent ;eercent eercent eercent eercent eercent 

Max 
All l+! 37.2 13.2 22.6 32.9 12.9 7.00 4.28 6.54 4.06 1.96 6.70 9.60 

active 
noel .. He an •78.1 -H.7 4.36 6.30 -4.28 -.47 .15 .21 -8.75 -1.61 .64 .94 

Hu 
l-! -361 -57.3 -6.80 -10.2 -38.2 -8.59 -5.08 -8.34 -l14 -18.5 -1.25 -1.99 
Max 
l+l .19 .08 18.0 27.0 0 .u 1.99 2.95 1.57 .96 6.70 9.60 

l'ullpina 
node Hun . -79.8 -14.8 6.50 9.71 -6.27 -.94 .35 .51 •ll.l -2.17 .92 1.38 .... Max .... H -284 -44.9 -.03 -.06 -19.4 -4.4S -.OS -.08 -114 -u.s -.72 -1.16 .... 

Leabnce Max 
(Tl) l+l !6.7 S.70 22.6 32.9 4.90 2.ll 3.08 4.58 2.82 1.oo 1.53 2.19 

Adjacent to 
no flcnr Mean -79.4 -10.7 3.68 S.21 -3.77 -.41 .15 • 21 -3.79 -.36 .10 .14 
node Hu 

l-l -361 -57.2 -4.0S -7.25 ·29.S -6.51 -.89 -1.30 -19.4 -3.74 -.57 -.83 
Hu 
l+! 26.8 l1.8 22.6 32.9 2.92 .65 4.24 6.47 1.30 .44 1.75 2.55 

Adjacent to 
conatant flux Mean ·94.7 -12.9 4.41 6,26 -4.92 -.75 .30 .44 -6.21 -.81 .20 .25 

noel• Max 
l-l -361 -57.3 -6.66 -10.2 -38.2 -8.59 -.39 -.61 -20.2 -4.19 -.28 -.4/o 
Hu 

Vertically + 
adjacent to 

conatant bead Mean 
noel• Hu 



- - - - - - - - - - - - - - - - - -

Table 7.- -Results of sensitivity analysis--Continued 

Cataaoey Head chanae, in feat, for indicated percent chanse in parameter• 
Par-ter of nodal 

t .. tad 
Group 1 Group 2 Group 3 

-90 •.50 +50 +90 -90 -so +50 +90 -90 -so +50 +90 
percent l!!rcent J!!rcent l!!rcent l!!rcent !!!rcent percent percent percent percent percent percent 

Hall 
All ~+1 0,01 .5 • .57 0.12 3.14 0.11 0.32 

actin 
nodea Mean -.67 1.15 -.02 .03 -.01 .02 

Hall 
~-! -7.37 -.04 -3.54 -.04 -.28 -.03 
Hall 
~+1 0 3.13 .02 -.12 .ll .21 

ru.pina ..... node Mean -.68 .91 -.01 ... .03 -.02 .03 ,., Hall 
~-! -3.53 .07 -.06 ·.01 -.22 -.01 

Storaaa Hall 
coefficient ~+! .01 4.15 0 .15 .002 .07 

(SC) Adjacent to 
no flow Mean -.62 1.15 -.01 .02 -.01 .01 

node Hall 

H -2.47 -- -.04 -.09 ·.01 -.09 0 
Mu 
~+1 0 2.75 .001 .38 0 .08 

Adjacent to 
conatant flwt Mean -.49 .94 -.02 .OS •.01 .02 

node Mu 
~-! -1.42 .01 -.18 -·.o1 -.04 .001 
Hall 

Vertically (+1 0 0 .12 3.14 0 0 
adjacent to 

conetant head Mean 0 0 -.02 .02 0 0 
node Hall 

H 0 0 ·3 • .54 ·.OJ 0 0 
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Increases in transmissivity and leakance (fig. 70A and 70B) produced smaller 

head changes than similar percentage decreases in these parameters, whereas 

increases in storage coefficient (fig: 70C) produced similar or sometimes 

greater changes in head than corresponding decreases. 

Sensitivity analyses results on other subregional models in the 

northeast Atlantic Coastal Plain were similar to the type of model responses 

reported here. Some effects of parameter changes studied in the sensitivity 

analyses of Virginia and New Jersey model studies were not studied in North 

Carolina, such as confining-unit storage, position of the freshwater

saltwater no-flow boundary, boundary fluxes, and recharge (Harsh and 

Laczniak, 1990, and Martin, 1990). However, because of the similarity of 

the models, similar responses might be expected for the North Carolina 

model. 

In New Jersey and Virginia, confining-unit storage was shown to be 

important to simulation of the system when the response of confining units 

is in the range of inelastic deformation. The Virginia and New Jersey 

models were not sensitive to the position of the freshwater-saltwater no

However, unlike North Carolina, these States have no 

gnificant pumpage affecting areas near the freshwater-saltwater.no-flow 

The New Jersey model was sensitive to boundary flux near the 

s, but not sensitive to boundary fluxes two or three nodes away 

boundaries. The Virginia and New Jersey models' insensitivity to 

was similar to that for the North Carolina flow model. Results 

that all th.e models were not sensitive to changes in recharge rate 

surficial aquifer in transient simulations, because streambed 

was increased or decreased to move more or less water into streams 

increases or decreases in recharge (refer to streambed leakance 

of report under Model Input). 

HYDROLOGIC ARALYSIS OF mE AQUIFER. S'iS'tl!ll 

Water Budget 

·aspects of the overall ground-water flow system have not changed 

from predevelopment conditions in 1900 to development 
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Figure 70.--Head differences in Cretaceous sand aquifers (group 1) 
changes in (A) group 1 transmissivity, (B) group 1 1eakance, . 

and (C) model-wide storage coefficient. 
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conditions in 1980. The only major change on the system during that time 

interval has been initiation and continued increase of ground-water 

withdrawals. Pumpage in North Carolina and in nearby southeastern Virginia 

has altered the overall water budget very little, although local effects are 

significant. Pumpage from large areas in North Carolina increased from zero 

before 1900 to 302 ft 3/s (cubic feet per second) (195 Mgal/d) in 1980, which 

is only about 1.1 percent of the average recharge to the ground-water system 

of 25,703 ft 3 /s (table 8). 

Simulation results indicate that pumpage from the ground-water system 

over time is ultimately compensated for largely by reduced flow to streams. 

Reduction in flow to streams between 1900 and 1980 over the entire Coastal 

Plain, shown as constant-head discharge from the system in table 8, was 297 

fts/s and, although not large in relation to the total of the average flow 

of all the Coastal Plain streams, could locally be a significant percentage 

of dry-weather streamflow in some streams. 

Major changes in the amount of water withdrawn from wells (fig. 54 and 

le 8) have resulted in changes in contributions from ground-water storage 

favorable hydraulic gradients are established toward pumping centers. 

these gradients are established and if there is sufficient recharge, a 

,equilibrium condition will be reached in which contributions from 

to pumpage will be negligible. Significant withdrawals from the 
_,. ______ s of Cretaceous age began during 1940-45. · At that time 

from storage amounted to several cubic feet per second. By 

withdrawals from the Castle Hayne aquifer (A7) increased, and 

During 1968-80, the 

from storage resulting from withdrawals from the Castle Hayne 

small as equilibrium was again established, but increased 

elsewhere, primarily in sand aquifers of Cretaceous age, 

total contributions from storage of about 14 ft8 /s • 
. •' .. 

has changed_ground-water movement within the. system, but change 

and discharge to the system has been slight. · .The average 

of 25,703 ft3/s_w~ ca~cu~~ted as a constant over the 
.w:ft•~riod. Natural discharge from the system as base flow to 

discharge to the sounds decreased slightly from 25,701 to 25,404 
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Table 8.--Summary oE model-computed water budgets Eor the ground-water Elow 

system oE the North Carolina Coastal Plain, 1900-2000 

nov rates to ~+l and free ~-lliov •lst• at end of PUIDDins 2erl0d1 In cui;Ic l'eet i);r second 
Pumping Change in SJ!!clfiad fluz Constant hesd Difference between 
28riod Dates storas• Recharsa to s;r:ste~~ fro. !I•te~~ Pumr>ins to s:r:stem fr011 SIStea inflow and outflow 

Prepumplng Pre-1900 0 +25,703 +10 -15.0 0 +0.5 -25,701 -2.5 

Jan. 11 1900-
1 Dec. 31, 1920 - .1 +25,703 +10 -15.3 -4.7 + .5 -25,697 -3.6 

Jan. 1, 1921-
2 Dec. 31, 1939 + .2 +25,703 +8 -15.3 -11.8 + .5 -25,688 -3.4 

Jan.' 1, 1940-
3 Dec. 31, 1945 +4 +25,703 +8 -32.9 -16.1 + .5 -25,670 -3.5 

Jan. 1, 1946-
i-25,703 4 Dec. 31, 1952 +6 +7 -18.4 -62.6 +1.5 -25,641 -4.5 

Jan. 1, 1953-

~ 
5 Dec. 31, 1957 +7 +25,703 +7 -18.8 -77.2 +2.1 -25.627 -3.9 

~ 
0\ Jan. 1, 1958-

6 Dec. 31 1 1964 +6 +25.703 +7 -20.7 -125.3 +14.9 -25.588 -3.1 

Jan. 1, 1965-
7 Dec. 31, 1967 +20 +25.703 +7 -34.5 -197.5 +3.6 -25.504 -2.4 

Jan. 11 1968-
8 Dec. 31, 1972 +14 +25.703 +8 -28.8 -242.2 +4.0 -25.460 -2.0 

Jan. 1, 1973-
9 Dec. 31, 1977 +14 +25,703 +8 -36.7 -275.3 +5.7 -25,422 -3.3 

Jan. 1, 1978-
10 Dec. 31, 1980 +14 +25,703 +8 -36 -294 +5.9 -25,404 -3.1 

+26 +25,703 +8 -21 -531 +42.1 -25,229 -1.9 
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ft3/s from pre-1900 to 1980, a decrease of 297 ft 3/s or less than 1.2 

percent of the total recharge. Pumpage was mainly supplied by this 

diversion. The change in natural discharge of 297 ft 3/s is very close to 

the rate of pumping during the 1978-80 pumping period (294 ft 3/s). The 

excess decrease in natural discharge of 3 ft 3/s is mostly due to effects of 

pumpage in adjacent States, primarily Virginia. 

The principal change in the North Carolina Coastal Plain ground-water 

flow system primarily involves vertical movement of water from one layer in 

the system into another in and around those areas where the major pumping is 

taking place. The changes in direction of vertical flow are shown by a 

series of maps presented in a following section of this report. 

Loss of ground-water storage is sensitive to the rate of pumping 

increase. Rate of loss of storage was greatest (20 ft3/s) during 1965-67 

when withdrawals increased an average of 24.1 ft 3/s per year. Since then, 

the contribution from storage has remained at 14 ft 3 /s as withdrawal 

ases have been fairly constant, averaging 7.4 ft3/s. 

Simulated ground-water flow across the Virginia and South Carolina 

changed significantly from 1900 to 1980. The most dramatic change 

across the Virginia line where 3.8 ft3/s flowed from Virginia to North 

in 1900; by 1980 ground-water flow was from North Carolina to 

at a rate of 24.7 ft3/s. This change occurred in the lower Cape 

extent, in the upper Cape Fear aquifer 

~r--.u~~ Lower Cretaceous aquifers (Al). The change results from pumpage 

from the lower Cape Fear aquifer (A2) and Lower Cretaceous aquifer 

Franklin, Virginia, which is about 25 miles north of Ahoskie, North 

-·'·'••v- North Carolina to South Carolina was 7.1 ft8/s in 1900, and 

~·a~•au slightly to 6.4 ft 8 /s in 1980. This decrease is·attributed 

in the southern Coastal Plain of North Carolina from the Black 

~and lower Cape Fear (A3) aquifers. A slight lowering of the 

~ic surfaces of these two aquifers in North Carolina decreased 

~~~.c· gradient toward South Carolina. 
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A model simulation was made for the year 2000 with the assumption that 

pumping would increase by 3 percent per year from 1981 to 2000. Under these 

conditions, contributions from storage would nearly double as cones of 

depression in the sand aquifers of Cretaceous age continue to increase in 

size, and contributions from streams (induced infiltration) would increase 

nearly 7-fold from those of 1980. Ground-water discharge to streams would 

continue but at a very slightly decreased rate. 

Potentiometric Surfaces 

Although changes in the overall water budget for the Coastal Plain 

aquifers due to pumping were minor during 1900-80, pumping has caused large 

local· decreases in the potentiometric surfaces of several aquifers. In 

order to show the changes in the potentiometric surfaces of the 10 aquifers, 

maps are presented for the simulated prepumping condition (1900), for 1980 

conditions, and for assumed pumping conditions in the year 2000. 

Simulated prepumping potentiometric surfaces are shown for the 10 

aquifers in figures 71 through 80. The figures also show available observed 

wate~-level values for the late 1800's and early 1900's in unpumped areas. 

Many of these water-level observations were taken from Clark and others 

(1912) and from unpublished drillers' records from that era. In some 

instances, modern water levels are shown in these figures and were assumed 

to represent prepumping conditions in aquifers. unaffected by pumping, such 

as for the lower Cape Fear aquifer (A2) (fig. 79) in the southern part of 

the Coastal Plain. The potentiometric surfaces for the surficial aquifer' 

(AlO) and for the updip (western) parts of all the other aquifers are high 

in the interstream divide areas and low in the valleys of perennial streams. 

This indicates that for these aquifers in these areas most ground-water 

movement is within local flow systems, and most ground-water discharge is to 
.•. 

the nearby streams. In the downdip areas of confined aquifers, the Yorkto~:f 

through Lower Cretaceous aquifers (A9-Al), the potentiometric surfaces hav~~~r 
a gentle coastward gradient to the east-southeast. 

. .. :r$2 
Simulated potentiometric surfaces for 1980 (figs. 81 through 90) when~{ 

·.·I- •;. 

compared to 1900 prepumping potentiometric surfaces (figs. 71-80) indicate· 

lowered water levels in parts of most aquifers due to pumping. Notably, 
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71.--Simulated prepumping (1900) water table for 
the surficial aquifer (AlO). 
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EXPLANATION 

- YOJUt'l'OWN AQUIPER NOT PBESENT 
- •- POI'BNTIOKJ:TBIC CONTOUB-Sbowa altltada at. 

which limuJated water ..... would haw ltood in 
ticbtl:1 cued -n.. ~ 1900. Caatoar iD&ernl. 
in,.. Ia Yari8hle. Datum~~- ..... 

II"• WEIL-Namher Ia altitude ol obMrftcl water left1 far · · 
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Figure 72.--simulated prepumpinq (1900) potentiometric surface 
for the Yorktown aquifer (A9) • 
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73.--simulated prepumping (1900) potentiometric surface 
for the Pungo·River aquifer (A8). 
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- CASTLE HAYNE AQUIPERNor PRESENT 
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which llimulated water lnel woald haw ltoocl iD 
ticlltl7 cued wen., ~bout 1900. Contour iDtcnl, 
iD feet, ia 'ftriable. Datum II -~ne~ 

11 
• WELt-Number ia altitude cl cDerwd wetn lneJ lor 

8boat 1900, iD feet abllft - !fteJ 

Figure 74.--Simulated prepumping (1900) potentiometric suz~ce 
for the Castle Hayne aquifer (A7). 
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EXPUNATION 

BEAUFORl' AQUIFER NOT PRESENT 

POTENTIOMETRIC SURFACE NOT DETERMINED-
Water in aqui{er contain• 10,000 milligT&:ml per liter 
chloride, 01' more 

POTENTJOMETJUC CONTOU&-Shows altitude at 
which limulatecl water lnel would haft lltood In 
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75.--Simulated prepumping (1900) potentiometric surface 
for the Beaufort aquifer (A6J. 
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EXPLANATION 

PEEDEE AQUIFER NOT PRF.SENT 

POTENTIOKETRJC SURFACE NOT DETERMINED-
Water iD llqllif'er contains 10,000 m11Hcram• per liter 
ch1oricle, or more 

POTENTIOMETRIC CONTOUR-Shows altitude at 
which limulat.eclwater JeveJ nald haw ltoocl iD 
~tlY eued -u.. about 1900. Contour lnterftl, 
iD feet, ia ftriahle. Datum il-leftl 
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~------------~----~------~------------~--------------~--~' 
Figure 76.--Simulated prepumping (1900) potentiometric surface 

for the Peedee aquifer (AS). 
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BLACK CREEK AQUIFER NOT PRESENT 

PO'l'ENriOMETRIC SURFACE NOT DE"l'ElUdiNED-
Water in aquif'u eontam. 10,000 mi})icrama per liter 
chloride. or-. 

PO'l'ENriOMETRIC CONTOUR-Shawa altitude at 
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in f..t,la nriab&e. Datum fa -level 
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77.--Simulated prepumping (1900) potentiometric surface 
for the Black Cree~ aquifer (A4). 
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EXPLANATION 

UPPER CAPE FEAR AQUIFER NOT PRESENT 

POTENTIOMETRIC SURFACE NOT DETERMINED-
Water in aquifer contains 10,000 milligTilms per liter 
chloride, or more 

POTENTIOMETRIC CONTOUR-shows altitude at 
which simulated water level would have stood in 
tightly cased wells, about 1900. Contour inteTVal, 
in feet, is variable. Datum is sea level 

WELL-Number is altitude or observed water level for 
about 1900, in (eet above sea level 

Figure 78.--Simulated prepumping (1900) potentiometric ~urface 
for the upper Cape Fear aquifer CA3) • 
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LOWER CAPE FEAR AQUIFER NOT PRESENT 

POTENTIOMETRIC SURFACE NOT DETERMINED-· 
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chloride, or more 

POTENTIOMETRIC CONTOUR-Shows altitude at 
which simulated water level would have sUlod in 
tightly eased wells, about 1900. Contour interval, 
in feet, is variable. Datum is sea level 

WE~Number is altitude or observed water level for 
about 1900, in feet above sea level 

Figure 79.--Simulated prepumping (1900) potentiometric surface 
for the lower Cape Fear aquifer (A2). 
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EXPLANAnoN 

LOWER CRETACEOUS AQUIFER NOT PRESENT 

POTENTIOMETRIC SURFACE NOT DETERMINED-
Water in aquifer contains 10,000 milligrams per liter 
chloride, or more 

POTENTIOMETRIC CONTOUR-Shows altitude at 
which simulated water level would have stood in 
tightly eased wells, about 1900. Contour interval, 
in feet, is variable. Datum is sea level 

~--------------~ 0 50 IQ.OioiETERS 

Figure 80.--Sirnulated prepurnping (1900) potentiometric ~urface 
for the Lower Cretaceous aquifer CAl). 
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Figure 81.--Sirnulated 1980 water table for the surficial aquifer (A10). 
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Figure 82,--Simulated 1980 potentiometric eurface for the Yorktown aquifer (A,). 
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Figure 83.--Simulated 1980 potentiometric ~urface for the 
Pungo River aquifer (A8). 
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Figure 84.--Sirnulated 1980 potentiometric aur!•ce for the 
Ca~tle Hayne aquifer (A7). 
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EXPLANATION 

BEAUFORT AQUIFER NOT PRESENT 

POTENTIOMETRIC SURFACE NOT DETERMINED-
Water in aquifer contain a 10,000 milligrams per liter 
chloride, or more 

POTENTIOMETRIC CONTOUR-Show• altitude at 
which simulated water level would have 1tood in 
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WELl-Number is altitude of observed water level for 
1980, in feet above ~ea level 

·85.--Simulated 1980 potentiometric ~urface for the Beaufort .aquifer (A6). 
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Figure 86.--Simulated 1980 potentiometric eurface for the Peedee aquifer (AS). 
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Figure 87.--Simulated 1980 potentiometric surface for the 
Black Creek aquifer (A4) . 
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Figure 88.--Simulated 1980 potentiometric surface for the 
upper Cape Fear aquifer (A3) . 
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Figure 89.--Simulated 1980 potentiometric surface for the 
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Figure 90.--Simulated 1980 potentiometric surtace tor the 
Lower Cretaceoua aquifer (Al) . 
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drawdowns of more than 135 ft and 90 ft occurred in parts of the Lower 

Cretaceous (Al) and lower Cape Fear (A2) aquifers, respectively, near the 

Virginia border. These drawdowns were due largely to pumpage at Franklin, 

Virginia (compare fig. 80 with 90 and fig. 79 with 89). Drawdowns of more 

than 60 ft, 125 ft, and 110 ft occurred in parts of the lower Cape Fear 

(A2), upper Cape Fear (A3), and Black Creek (A4) aquifers, respectively, in 

the central Coastal Plain in and around Greenville, Kinston, and 

Jacksonville, North Carolina. These drawdowns were due to several large 

withdrawals in the area; the large cone of depression associated with these 

withdrawals is most evident in figure 87. 

Drawdowns of more than 30 ft and 60 ft occurred in parts of the 

Beaufort (A6) and Castle Hayne (A7) aquifers, respectively, in the Beaufort 

County area. Here, the drawdowns were caused in large part by withdrawals 

from the Castle Hayne aquifer (A7) in connection with open-pit phosphate 

mining operations and a chemical plant near Aurora (fig. 59); the cone of 

depression associated with these withdrawals is most evident in figure 84. 

A noteworthy aspect of the drawdown in the Beaufort aquifer (A6) is that no 

water was withdrawn directly from this aquifer at the mine and chemical 

plant. Withdrawals from the overlying Castle Hayne aquifer (A7) caused 

water to move upward through the Beaufort confining unit (CU6) in such 

quantities so as to create a large cone of depression in the Beaufort 

aquifer (A6) (fig. 85). 

The simulated 1980 water level in the Castle Hayne aquifer (A7) near 

~·~~·~n?•a was slightly more than 50 ft below sea level, whereas measured water 

ls in some wells were greater than 100 ft below sea level in the 

area. This difference in simulated and measured water levels 

large block size used in the flow model. There, the 

12.25 mi 2 block area was 50 ft or 

than measured water levels in the center of the cone of 

The Peedee aquifer (AS) also showed a decline of about 15 ft between 

and 1980 in the Aurora area (figs. 76 and 86). As with the Beaufort 

(A6), the Peedee aquifer has no major withdrawals in this area, and 

r-level decline is similarly attributed to the effect of the large 

depression in the overlying Castle Hayne aquifer (A7). 
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Although the calibrated flow model is not detailed enough for many 

management purposes, simulated potentiometric surfaces were generated (figs. 

91 through 100) for the year 2000 (assuming a uniform 3-percent annual 

increase in pumpage for 1980-2000 at the 1980 pumpage sites) to assess the 

effect of future pumping on potentiometric surfaces. Actually, several 

major ground-water pumpages are not expected to increase at this rate during 

this period, notably at Franklin, Virginia, and at the phosphate-mining 

operations in Beaufort County, North Carolina. Thus, in these areas, the 

year 2000 simulations may not accurately reflect what is likely to occur. 

Considerable areas of most aquifers exhibit drawdowns of less than 10 

ft for the 1900-80 and 1980-2000 periods. Comparison of the water-table 

maps of 1900, 1980, and 2000 (figs. 71, 81, and 91) show little or no change 

in water levels in the surficial aquifer (AlO). The same is true for the 

potentiometric surfaces of the Yorktown aquifer (A9) as seen in figures 72, 

82, and 92. Except for the immediate vicinity of major withdrawals, 

potentiometric surfaces in the updip (western) parts of the Castle Hayne 

(A7), Beaufort (A6), Peedee (AS), Black Creek (A4), and upper Cape Fear (A3) 

aquifers declined 10 ft or less. The areas of little change for these 

confined aquifers are where each one is directly overlain by either the 

surficial aquifer (AlO) or the Yorktown aquifer (A9). (Compare figures 73 
' through 78 and figures 83 through 88 and 93 through 98.) 

By 1980, water levels in confined aquifer~ in the North Carolina 

Coastal Plain had not declined below the tops of the aquifers. When and if 

this happens, the aquifers will change from confined to unconfined 

conditions, and the aquifer storage coefficients will increase by several 
-4 -1 orders of magnitude (from about 10 to about 1 x 10 ). Subsequent 

drawdowns will occur by dewatering rather than by expansion of the water and 

compaction of aquifer-/confining-unit sediments. Drawdowns will then 

proceed at a slower rate than under the previous confined conditions. Thus, 

model predictions of year 2000 water levels for such situations might tend 

to overestimate drawdowns regionally; however, locally they·may 

underestimate drawdowns near the pumping centers. 
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91.--S~ulated year 2000 water table for the ~urficial aquifer (AlO), 
assuming 3-percent annual increase in pumpage. 
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Figure 92.--stmulated year 2000 potentiometric ~urface for the 
Yorktown aquifer (A9), assuming 3-percent 

annual increase in pumpage. 
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Figure 93.--Simulated year 2000 potentiometric 5urface for the 
Pungo River aquifer (AS), a5suming 3-percent 

annual increase in pumpage. 
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Figure 94.--Simulated year 2000 potentiometric surface for the 
Castle Hayne aquifer (A7), assuming 3-percent 

annual increase in pumpage. 
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Figure 95.--Sirnulated year 2000 potentiometric surface for the 
Beaufort aquifer (A6), assuming 3-percent 

annual increase in purnpage. 
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Figure 96.--Simulated year 2000 potentiometric surface for the 
Peedee aquifer (AS), assuming 3-percent 

annual increase in pumpage. 

146 



I 
I 
I 80' 

I 
I I 

i 
36' i-

I 

I 

79' 

5011l.ES 
~------~50-K-L~~~E~RS 

78' 

D -

77' 16' 

EXPLANATION 

BLACK CREEK AQUIFER NOT PRESENT 

POTENTIOMETRIC SURFACE Nor DETERMINED
Water in aquifer contains 10,000 millignma per liter 
chloride, or more 

-so- POTENTIOMETRIC CONTOUR-Bhowa altitude at 
which simulated water level would atand in tiJhtl)' 
caaed wells, 2000. Contour interval1 in feet, ia nn
able. Datum is aea level. Haehuna mdieate water 
levels would be lower than in aurroundinr ana 

Figure 97.--Simulated year 2000 potentiometric surface for the 
Black Creek aquifer (A4), assuming 3-percent 

annual increase in pumpage. 
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Figure 98.--Simulated year 2000 potentiometric surface for the 
upper Cape Fear aquifer (A3), assuming 3-percent 

annual increase in pumpage. 
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Figure 99.--Simulated year 2000 potentiometric surface for the 
lower Cape Fear aquifer (A2), assuming 3-percent 

annual increase in pumpage. 
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Figure 100.--Simulated year 2000 potentiometric surface for the 
Lower Cretaceous aquifer (Al), assuming 3-percent 

annual increase in pumpage. 
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Vertical Flow 

As a generalization, the downward vertical movement of ground-water 

recharge to confined aquifers under natural conditions occurs mainly in 

interstream areas, and ground-water discharge upward from the confined 

aquifer system occurs mainly in stream valleys and in downdip (coastward) 

areas. This general pattern of recharge and discharge has been 

significantly altered in several areas of the North Carolina Coastal Plain 

where pumping from several of the aquifers has reduced the hydraulic head in 

these aquifers over large areas and has thus disturbed the prepumping head 

relations that existed between the aquifers. When those head relations are 

changed, the potential for water to move from one aquifer to another through 

the intervening confining unit(s) is changed and often reversed. The 

changes in flow direction due to pumping is evident from a comparison of 

prepumping conditions of 1900 in figures 101-109 to those of 1980 in figures 

110-118. 

In the northeast North Carolina Coastal Plain, prepumping vertical 

ground-water flow through the Black Creek (CU4), upper Cape Fear (CU3), 

lower Cape Fear (CU2), and Lower Cretaceous (CUl) confining units (figs. 

106-109) was upward in many parts of the area. By 1980, vertical flow 

gradients had been reversed across large parts of these confining units 

(figs. 115-118). Vertical flow by 1980 was downward.in response to large 

pumpages from the Lower Cretaceous (A1) and lower Cape Fear (A2) aquifers in 

Franklin, Virginia. 

Extensive pumping from the Black Creek (A4), and upper Cape Fear (A3) 

in the central North Carolina Coastal Plain area has resulted in 

of flow from upward to downward through the Peedee (CUS), Black 

and upper Cape Fear (CU3) confining units (figs. 105 to 107 and 

However, flow through the upper Cape Fear confining unit in 

area between Kinston and New Bern is still upward in response to pumping 

overlying Black Creek aquifer (A4), which is pumped more heavily 

upper Cape Fear aquifer (A3). A large area of the Black Creek 

ing unit (CU4) in the southern North Carolina Coastal Plain has 

need a change in vertical flow from upward to downward in response to 

pumping (figs. 106 and 115). 
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Figure 101.--Net vertical flow of water through the Yorktown confining unit 
(CU9) simulated for predevelopment (1900) conditions. 
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Figure 102.--Net vertical flow of water through the Pungo River confining 
unit (CUB) simulated for predevelopment (1900) conditions. 
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Figure 103.--Net vertical flow of water through the Castle Hayne confining 
unit (CU7) simulated for predevelopment (1900) conditions. 
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Figure 104.--Net vertical flow of water through the Beaufort confining 
unit (CU6) simulated for predevelopment (1900) conditions. 
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Figure 105.--Net vertical flow of water through the Peedee confining 
unit (CUS) simulated for predevelopment (1900) conditions. 
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106.--Net vertical flow of water through the Black Creek confining 
unit (CU4) simulated for predevelopment (1900) conditions. 
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Figure 107.--Net vertical flow of water through the upper Cape Fear confining 
unit (CU3) simulated for predevelopment (1900) conditions. 
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108.--Net vertical flow of water through the lower Cape Fear confining 
unit (CU2) simulated for predevelopment (1900) conditions. 

159 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

so• 79' 

50Ul.ES 
~--------50-n--a£n~~~ 

78' 

D -

77' 76° 

EXPLANATION 

LOWER CRETACEOUS CONFINING UNIT NOT PRESENT 

FLOW NOT DIRECTION NOT DETERMINED-Water in 
Lower Cretaeeous aquifer contains 10,000 milligrams 
per liter, or more 

~ RECHARGE AREA-Flow is downward 

0 DISCHARGE AREA-Flow is upward 

Figure 109.--Net vertical flow of water through the Lower Cretaceous confining 
unit (CU1) simulated for predeveloprnent (1900) conditions. 
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Figure 110.--Net vertical flow of water through the Yorktown confining 
unit (CU9) simulated for 1980 conditions. 
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Fi~ure 111.--Net vertical flow of water through the Pungo River confining 
unit (CU8) simulated for 1980 conditions. 
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eo• 79° 

0 SO IllES 
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78° 77' 76' 

EXPLAHAT10N 

D CASTLE HAYNE CONFINING UNIT NOT PRESENT 

~ RECHARGE AREA-Flow ia downward 

D DISCHARGE AREA-Flow I• upward 

Figure 112.--Net vertical flow of water through the Castle Hayne confining 
unit (CU7) simulated for 1980 conditions. 
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EXPLANATION 

BEAUFORT CONFINING UNIT NOT PRESENT 

FLOW NOT DDtECI'JON NOT DETERMINED-Water 
in Beaufort aquifer contains 10,000 milligrams 
per liter, or more 

RECHARGE AREA-Flow ia downward 

DISCHARGE AREA-FI- ia upward 

Figure 113.--Net vertical flow of water through the Beaufort confining 
unit (CU6) simulated for 1980 conditions. 
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EXPlANATION 

PEEDEE CONFINlNG UNIT NOT PRESENT 

FLOW NOT DIRECTION NOT DETERMINED--Water 
in Peedee aquifer containa 10,000 milligrams 
per liter, or more 

RECHARGE AREA-Flow is downward 

DISCHARGE AREA-Flow is upward 

Figure 114.--Net vertical flow of water through the Peedee confining 
unit (CUS) simulated for 1980 conditions . 
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EXPLANATION 

BLACK CREEK CONFINING UNIT NOT PRESENT 

FLOW NOT DlRECTION NOT DETERMINED--Water 
in Black Creek aquifer contains 10,000 milligt"ams 
per liter, or more 

~ RECHARGE AREA-Flow is downward 

0 DISCHARGE AREA-Flow is upward 

Figure 11~.--Net vertical flow of water through the Black Creek confining 
unit (CU4) simulated for 1980 conditions . 
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EXPLANATION 

UPPER CAPE FEAR CONFINING UNIT NOT PRESENT 

FLOW NOT DIRECTION NOT DETERMINED-Water in 
upper Cape Fear aquifer contains 10,000 milligrams 
per liter, or mon 

RECHARGE AREA-Flow is downward 

DISCHARGE AREA-Flow is upward 

Figure 116.--Net vertical flow of water through the upper Cape Fear 
confining unit (CU3) simulated for 1980 conditions. 
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EXPLANATION 

LOWER CAPE FEAR CONFINING UNIT NOT PRESE!'."T 

FLOW NOT DIRECTION NOT DETERMINED--Water in 
lower Cape Fear aquifer contain& 10,000 milligrams 
per liter, or more 

RECHARGE AREA-Flow is downward 

DISCHARGE AREA-Flow is upward 

Figure 111.--Net vertical flow of water through the lower Cape Fear 
confining unit (CU2) simulated for 1980 conditions. 
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EXPLANATION 

LOWER CRETACEOUS CONFINING UNIT NOT PRESENT 

FLOW NOT DIRECTION NOT DETERMINED-Water In 
Lower Cretaceous aquifer contains 10,000 milligrams 
per liter, or more 

RECHARGE AREA-Flow is downward 

Figure 118.--Net vertical flow of water through the Lower Cretaceous 
confining unit (CU1) simulated for 1980 conditions. 
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In the Beaufort County area, vertical flow under prepumping conditions 

was generally upward, this being a discharge area for most of the North 

Carolina Coastal Plain aquifers present there. After large-scale pumping 

began in 1965 in the Castle Hayne aquifer (A7), vertical flow was toward the 

Castle Hayne aquifer; that is, upward vertical flow across confining units 

CU6 and CUS was greater than before, and vertical flow through the Yorktown 

(CU9) through Castle Hayne (CU7) confining units reversed direction from 

upward to downward in the vicinity of the large-scale pumping areas. 

SUMMARY AND CONCLDSIONS 

A three-dimensional finite-difference digital flow model was developed 

to simulate ground-water flow in the Coastal Plain aquifer system of North 

Carolina, covering an area of 25,000 mi 2 • The 10-layer model was developed 

from a hydrogeologic framework comprising an alternating sequence of 

aquifers and confining units that dip and thicken in the seaward direction. 

The model code used was a three-dimensional finite-difference ground-water 

flow model, and the modeled area was divided into a rectangular grid for 

each of the 10 layers with variable spacing representing areas ranging from 

12.25 mi 2 to 56.25 mi 2 • The grid and boundary conditions of the 

mathematical-numerical model were designed to be compatible with a regional 

model of the entire North Atlantic Coastal Plain. 

Yestern and eastern boundaries for each of the model layers were 

treated as no-flow boundaries. The eastern boundaries were assumed to be 

along lines of equal concentrations of 10,000 mg/L of dissolved chloride. 

Boundaries at the State lines, Virginia to the north and South Carolina to 

the south, were specified flux boundaries with the fluxes provided by the 

regional model. The upper boundary of each confined aquifer was the bottom 
\ 

of its associated confining unit, which was treated as a head-dependent flux 

boundary. 

Viewing the model as a whole, the upper boundary was the layer 

representing streams (a constant-head boundary), and the lower boundary was 

either bedrock or a saltwater-bearing aquifer (no-flow boundary). The 

treatment of the line representing the 10,000 mg/L chloride concentration as 

a no-flow boundary was valid in areas not affected by pumping, but was not 
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valid where effects of pumping extend to the boundary, as in parts of the 

Beaufort (A6), Black Creek (A4), upper Cape Fear (A3), lower Cape Fear (A2), 

and Lower Cretaceous (Al) aquifers. In these areas, the model will tend to 

predict greater drawdown than would actually occur. 

Model input consisted of transmissivity and storage coefficients of the 

aquifers, confining-unit and streambed leakance, ground-water recharge, 

water-table and stream-surface altitudes, boundary-flux rates, and pumpage. 

For transient simulations, 10 pumping periods starting in 1900 and running 

through 1980 were used. Pumping periods ranged in length from 21 years 

(first pumping period) to 3 years (last pumping period). 

A number of calibration simulations were made for the purpose of 

testing how well the model was able to reproduce measured water levels and 

as an aid to indicate where adjustments to model parameters were needed. 

The primary parameters adjusted were leakance of the confining units and, to 

a lesser extent, transmissivity of the aquifers. 

In the calibration procedures about 240 computed hydrographs were 

compared with observed hydrographs. Also, computed potentiometric surfaces 

at various times were checked with actual water-level data. Adjustments to 

model parameters were made after careful consideration of whether the 

adjustments could be justified based on data .on the hydrogeologic and 

ground-water flow systems. The largest.changes were in estimates of 

leakance of confining units and were considered reasonable because the 

initial values of this parameter were known with less certainty than any 

other parameters. 

For the calibrated model, the maximum transmissivity was about 200,000 

ft2jday in a part of the Castle Hayne aquifer (A7). The smallest vertical 

hydraulic conductivity of a confining unit for the calibrated model was 

about 4.1 x 10-6 ft/day in a part of the lower Cape Fear confining unit. 

Simulations indicate that a barrier to flow exists in the vicinity of a 

landward reentrant of water containing 10,000 mg/L of dissolved chloride in 

the upper and lower Cape Fear aquifers (A3 and A2) over the Cape Fear Arch 

in the Wilmington area. The barrier is probably the cause of the high 

hydraulic heads in these two aquifers southwest of the Arch in southeast 
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North Carolina and northeast South Carolina. The nature of the barrier 

needs further research but is likely due to either diminished hydraulic 

conductivity in the area or to the presence of salty water, or both. 

The relatively large block size made it difficult to accurately 

simulate the configuration of the water table in the Sand Hills area. Thus, 

the model is probably less accurate in this area than in any other area in 

the North Carolina Coastal Plain. 

Sensitivity analysis indicated that the model is especially sensitive 

to changes in transmissivity in areas where pumping occurs, but regionally 

the model is more uniformly sensitive to leakance through the confining 

units. Sensitivity of the model to changes in storage coefficient of the 

confined aquifers is slight and, as with transmissivity, is greatest near 

the pumping centers. 

Under predevelopment (1900) conditions, average recharge from 

precipitation to the surficial aquifer varied areally from about 12 in/yr in 

areas with clay soils to 20 in/yr in areas with sandy soils. Most of this 

moved directly to streams with only about 1 in/yr moving downward into the 

confined aquifer system. Generally, recharge to the confined aquifer system 

took place. mostly in updip interstream areas, and discharge occurred in 

streams and stream valleys and in downdip coastal areas. Hydrologic 

analysis of the aquifer system based on simulations indicates that the 

overall water budget has changed little from predevelopment conditions in 

1900 to development conditions in 1980. Pumpage from large users increased 

from zero to 302 ft 3 /s during that period, which amounts to about 1.2 

percent of the recharge to the ground-water system of 25,703 ft 3 /s. 

Simulation results indicate that water lost to the aquifer system through 

pumping is largely offset by reductions in base flow of streams and, to a 

lesser extent, by reductions in aquifer.storage. By 1980, contribution from 

aquifer storage was about 14 ft 3 js, or about 4.8 percent of pumpage. 

Although the effect of pumping on the overall water budget is 

relatively small, water levels in the North Carolina Coastal Plain aquifer 

system have declined dramatically in parts of some aquifers since 1900 (more 

than 135 ft in some locations) due to pumping stresses. The three principal 
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areas of long-term water-level decline are in the Lower Cretaceous (Al) and 

lower Cape Fear (A2) aquifers in northeast North Carolina in response to 

withdrawals at Franklin, Virginia; in the lower Cape Fear (A2), upper Cape 

Fear (A3), and Black Creek (A4) aquifers in the central North Carolina 

Coastal Plain where pumping occurs at several sites; and in the Beaufort 

(A6) and Castle Hayne (A7) aquifers in Beaufort County where there are large 

withdrawals for open-pit phosphate mining and chemical manufacturing. 

Since 1900, water levels have declined less than 10 ft in the surficial 

(AlO) and Yorktown (A9) aquifers; this is also true of the updip parts of 

most of the other aquifers where major withdrawals were not occurring in 

1980. Simulations to the year 2000 with a 3-percent annual increase in 

withdrawals at 1980 pumping locations gave virtually the same results as the 

1980 simulations of the same two shallow aquifers and updip parts of the 

other aquifers. The year 2000 simulations indicated significant local 

water-level declines in lower confined aquifers but, on a cell basis, not 

below the tops of the aquifers. 

Directions of vertical flow through confining units have been altered 

in many areas since 1900. In 1900, vertical ground-water flow through 

confining units was generally downward in interstream areas and upward in 

major stream valleys and in coastal areas. Ground-water pumpage 

substantially altered that pattern in several areas .. The most widespread 

change caused ground water to move downward into pumped aquifers in areas 

where it had moved upward in predevelopment times. By 1980, areas of 

downward movement commonly occurred in major stream valleys. Areas of 

downward movement also extended farther coastward in 1980 than in 1900 in • 

confining units overlying extensively developed aquifers. 
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Physical P1ope1ties and Pdncip/es I Ch. 2 

Table 2.2 Range of Values of Hydraulic Conductivity 
and Permeability 

Rocks Unconsolidated k k K K K 
--e-----f--d-ep_o_s_it_s~ (dorcy) (cm2) (cm/s) (m/s) (gol/doy/lt2

) 

Vl 

Vl 

Table 2.3 Conversion Factors for Permeability 
and Hydraulic Conductivity Units 

Permeability, k* Hydraulic conductivity. K 

cml 

cml 1 
ftl 9.29 X )02 
darcy 9.87 x J0-9 
mls 1.02 x J0-3 
ft/s 3.11 x J0-4 
U.S. gal/dayfft1 5.42 x 10-1 o 

1.08 X J0-3 
I 

1.06 X J0-11 
1.10 X J0-6 
3.35 X ]0-7 

5.83 X J0-13 

darcy 

1.01 X JOB 
9.42 X ]QIO 

I 
).04 X ]05 
3.15 X 104 

5.49 X JO-Z 

•To obtain kin ftl, multiply kin cml by 1.08 x J0-3. 

m/s 

9.80 X JOZ 
9.11 X )05 
9.66 X J0-6 

I 
3.05 X )0-1 

4.72 X 10-~ 

ft/s 

3.22 X J03 
2.99 X )06 

3.17xJ0-5 
3.28 
I 

1.55 :-: J0-6 

U.S. gallday/H2 

1.85 X 109 

1.71 X JOll 
1.82 X JOI 
2.12 X ]06 
6.46 X )05 

I 


